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Description 

Background of the invention 

This invention relates to a modem for use in a 
spread spectrum (often abbreviated in the art to 
SS) multiplex communication network 
comprising a directional or directive transmission 
line or bus as, for example, a closed-loop or 
closed-circuit transmission line. The terms 
"modem" and "transmitter-receiver" used in this 
application are synonyms. 

An SS multiplex communication network 
comprises a transmission line capable of 
transmitting an SS multiplex signal. The 
transmission line may be of the form of a closed 
loop or may have two ends. A plurality of 
modems are coupled to the transmission line. 
Generally speaking, the modems carry out 
transmission and reception of information 
signals, such as speech, data, and/or picture 
signals, with the spectra thereof spread by 
pseudorandom or pseudo noise (usually 
abbreviated to PN) code sequences. For this 
purpose, a plurality of PN code sequences may 
preliminarily be assigned or allotted to the 
respective modems. Each PN code sequence is a 
pseudorandom succession of unit pulses, positive 
and negative, of a considerably high PN code 
sequence generating clock (briefly, PN clock) rate. 
A PN code of a relatively large number of such 
pulses is repeatedly used in the PN code 
sequence. The period of repetition will herein be 
named a frame period. When expressed by the 
number of pulses or bits, the frame period will be 
referred to as a frame length. 

On transmitting a transmission information 
signal from an originating modem to a 
destination modem, a PN code sequence is 
modulated by the information signal into an SS 
signal and sent through the transmission line. As 
will later be described in more detail, the PN code 
sequence used as a modulation carrier is usually 
the PN code sequence assigned to the destination 
modem. No severe restriction is imposed on the 
information signal except that the information 
signal should have a data clock rate appreciably 
lower than the PN clock rate as will presently be 
described if the information signal is a digital 
signal. Merely by way of example, the 
information signal may be a PCM (pulse code 
modulated) signal having a data clock rate of 64 
kHz. When the PN and the data clock rates are 
denoted by f Q and f D and the frame length, by N, 
the restriction is such that the data clock rate f 0 
not be higher than the PN clock rate divided by 
the frame length VN. A typical PN clock rate is 
8.13 MHz for a frame length of one hundred and 
twenty-seven bits. The PN clock rate may be as 
high as several hundred megahertz. 

Other modems may concurrently supply SS 
signals to the transmission line. Inasmuch as such 
SS signals are multiplexed into an SS multiplex 
signal carried by different PN code sequences, the 
SS multiplex communication technique or 
scheme is often called a code division multiplex 



communication technique. At the destination 
modem, the SS multiplex signal is demodulated 
into a received information signal. Briefly 
speaking, the demodulation is carried out by 
5 correlating the SS multiplex signal to the PN code 
sequence assigned to the destination modem. 
The received information signal is a reproduction 
of the transmission information signals. The 
modem, which thus carry out SS modulation and 
io demodulation, will be named SS modems. 

In a conventional multiplex communication 
network, such as a TDM (time division multiplex) 
communication network, a certain number of 
channels are used in multiplexing information 
is signals. The number of channels is 
predetermined in consideration of traffic in the 
network and is usually less than the number of 
modems accommodated by the network. Even 
when a call is initiated by a modem towards a 

2o destination modem, which is idle, the connection 
for the call is not established when all channels 
are busy. In other words, call loss is inevitable. 

In an SS multiplex communication network, the 
transmission line must be capable of transmitting 

2 5 signals of a wide or broad frequency band 
because the information signals are spectrum 
spread by the PN code sequences into a 
frequency band between a substantially zero 
clock rate and the PN clock rate. The transmission 

30 line should therefore be, for example, a coaxial 
cable or an optical fiber. On the owmer hand, the 
SS multiplex signal has a small spectral energy 
density. Furthermore, the SS multiplex signal is 
little affected by narrow-band interference and 

3 5 provides a received information signal with an 
excellent SN (signal-to-noise) ratio. Theoretically, 
no call loss occurs in an SS multiplex 
communication network. A conventional SS 
multiplex communication network insures high 

40 secrecy of communication. An SS modem is 
compact. Power consumption is accordingly little. 
An SS modem is reliably operable unless the 
transmission line is closed. 
The SS multiplex communication network has, 

45 however, been inconvenient when the 
transmission line forms a closed loop. This is 
because the information signal carried by a 
modulation PN code sequence repeatedly 
circulates through the closed-loop transmission 

so line even after reception at a destination modem. 
It is therefore urgently required to provide an SS 
modem to be coupled to a closed-loop 
transmission . line of an SS multiplex 
communication network. 

55 A typical PN code sequence is a repetition of 
maximum length sequence (hereafter 
abbreviated to M sequence) codes. Such a 
repetition will herein be referred to merely as a 
maximum length code sequence or, more briefly, 

60 as an M sequence. As will later be described with 
reference to one of 37 figures of the 
accompanying drawings, an M sequence is 
generated by an M sequence generator by the use 
of M sequence or PN code sequence generating 

6 5 clocks in compliance with a generating poiy- 
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nomial. For example, an M sequence code is a 
succession of fifteen bits of plus and minus unity, 
such as 

(+ + + - + - + + + + ). 

When the frame length is thus fifteen bits long, 
there are three different M sequence codes 
generated by common PN code sequence 
generating clocks in compliance with three 
different generating polynomials, respectively. It 
is therefore possible to make an SS multiplex 
communication network accommodate three SS 
modems. When the frame length is one hundred 
and twenty-seven bits long, the number of 
accommodated SS modems increases to 
eighteen. The number is still small for practical 
purposes. 

An article was distributed in 1979 at a meeting 
of a technical group of the Institute of Electronics 
and Communication Engineers of Japan and read 
by Haruo Ogiwara et a! under the title of 
"Syuhasu Kakusan ni yoru Kanytisya-kei Syusen 
Tazyuka Hosiki no Teian" (Technical Report No. 
SE79 — 104). The article is available only in 
Japanese except for the title, which reads in 
English "Subscriber Network Using Spread 
Spectrum Technique" according to the authors. In 
the article, an SS multiplex communication 
network is disclosed in which the SS modems, 
such as line concentrators of an exchange 
network, are assigned with M sequences 
generated by common PN code sequence 
generating clocks in compliance with different 
generating polynomials and cyclically bit shifted. 
When cyclically bit shifted, an M sequence having 
a frame length of N bits gives N different M 
sequences, a zero-bit-shifted M sequence 
inclusive. It may therefore appear that the number 
of accommodated SS modems will increase to 
(127x18) when cyclically bit shifted M sequences 
of one-hundred-and-twenty-seven-bit long M 
sequence codes are used as the different PN code 
sequences. As discussed in the article and will 
briefly described hereinafter, a typical number of 
SS modems is only three hundred and eight-one 
under the circumstances. It is therefore desirable 
to increase the number of SS modems 
accommodated in an SS multiplex 
communication network. 

The reason why it is not practical to 
accommodate (127x18 modems), mainly resides 
in the fact that interference occurs between 
channels to a considerable extent. Use of M 
sequences derived by cyclically bit shifting a 
single M sequence is preferred as regards the 
interchannel interference. It is possible to specify 
such M sequences as M sequences generated by 
clocks having a predetermined clock period in 
compliance with a single generating polynomial 
and with different initial values or conditions, 
respectively. For PN code sequences, what 
corresponds to the generating polynomial is 
theoretically a generating or characteristic 
function. In practice, each PN code sequence has 



a certain frame period. It would therefore be 
feasible depending on the circumstances to use, 
instead of such M sequences, PN code sequences 
generated by clocks having a predetermined clock 
period in compliance with a single generating 
polynomial and with different initial values, 
respectively. 

The SS modems may deal with information 
signals of different data clock rates. SS signals are 
derived with much redundancy when information 
signals of lower data clock rates are SS 
modulated by the use of PN code sequences for 
the highest data clock rate. In other words, it 
would be possible to increase the number of 
accommodated SS modems if the PN code 
sequences are more effectively used. 

When cyclically bit shifted PN code sequences 
are used, it becomes necessary to use a 
synchronizing signal in establishing frame 
synchronism among the SS modems. In an SS 
multiplex communication network comprising a 
closed-loop transmission line, the frame 
synchronism must be established as correctly as 
possible with a simplest possible synchronizer 
despite circulation of the synchronizing signal 
through the closed-loop transmission line. 

On sending an information signal to a 
destination SS modem, it is desirable to 
preliminarily know whether or not the destination 
SS modem is already busy. It is therefore 
necessary in practice to carry out carrier sensing 
of sensing whether the PN code sequence used 
by the destination modem in modulating an 
information signal is present or absent in the SS 
signal reaching the SS modem going to initiate 
the call. It is also desirable depending on the 
circumstances to furnish an SS multiplex 
communication network with a broadcasting 
facility. Such augmentation of services would 
render the SS modem bulky and accordingly 
expensive. Power consumption will increase. 

As described before, an SS multiplex signal is 
correlation detected into received information 
signals of a high SN ratio. Although no call loss 
theoretically occurs as pointed out also before, 
the quality of the reproduced information signals 
degenerates due to the interchannel interference 
if a great number of information signals are 
multiplexed into the SS multiplex signal. Data 
and/or picture signals generally have a large duty 
cycle, namely, last a considerably long interval of 
time. In addition, high transmission performance 
is mandatory on dealing with data and/or picture 
signals. It is therefore desirable that an SS 
multiplex communication network be capable of 
dealing with data and/or picture signals with 
excellent transmission performance. 

Summary of the invention: 

It is therefore a principal object of the present 
invention to provide a modem for use in an SS 
multiplex communication network comprising a 
directional transmission line. It is another object 
of this invention to provide a modem for use in an 
SS multiplex communication network comprising 
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a directional transmission line, such as a close- 
loop transmission line, by which it is possible to 
avoid circulation through the transmission line of 
an SS signal carrying an information signal 
received by the modem. 

It is a subordinate object of this invention to 
provide an SS modem of the type described, with 
which the network is enabled to accommodate an 
astonishingly increased number of SS modems. 

It is another subordinate object of this invention 
to provide an SS modem of the type described, 
with which it is possible to effectively deal with 
information signals of different data clock rates 
and consequently to increase the number of SS 
modems accommodated by the network to quite 
an unexpected extent. 

It is still another subordinate object of this 
invention to provide an SS modem of the type 
described, with which frame synchronism is 
established as correctly as possible without much 
complicating the circuitry of a frame 
synchronizer. 

It is a further subordinate object of this 
invention to provide a compact and economical 
SS modem of the type described, by which it is 
possible to sense whether or not a destination SS 
modem is already busy. 

It is a still further subordinate object of this 
invention to provide a compact and economical 
SS modem of the type described, with which it is 
possible to furnish the network with a 
broadcasting facility. 

It is a yet further subordinate object of this 
invention to provide an SS modem of the type 
described, with which the network is enabled to 
concurrently deal with a TDM signal to provide 
excellent transmission performance for data and/ 
or picture signals. 

A transmitter-receiver to which this invention is 
applicable, is for use in a spread spectrum 
multiplex communication network comprising a 
directional transmission line and a plurality of 
modems coupled to the transmission line. The 
transmitter-receiver is comprised by each of the 
modems to be responsive to a first spread 
spectrum signal received from the transmission 
line and comprising a spread spectrum signal into 
which a first of a plurality of different pseudo 
noise code sequences is modulated by a 
particular information signal for reproducing the 
particular information signal and to be responsive 
to a transmission information signal for supplying 
the transmission line with a second spread 
spectrum signal comprising a spread spectrum 
signal into which a second of the pseudo noise 
code sequences is modulated by the transmission 
information signal. It is possible to specify' the 
transmitter-receiver as including reception spread 
spectrum signal producing means responsive to 
the first spread spectrum signal for producing a 
reception spread spectrum signal, pseudo noise 
code sequence generating means for generating 
at least one of the different pseudo noise code 
sequences as the first and the second pseudo 
noise code sequences, first multiplying means for 



multiplying the reception spread spectrum signal 
by the first pseudo noise code sequence 
generated by the pseudo noise code sequence 
generating means to produce a first multiplied 

5 signal, low frequency component extracting 
means for extracting a low frequency component 
from the first multiplied signal to produce a low 
frequency signal, means responsive to the low 
frequency signal for producing the particular 

io information signal, second multiplying means for 
multiplying an input signal by the second pseudo 
noise code sequence generated by the pseudo 
noise code sequence generating means to 
produce a second multiplied signal, transmission 

15 information signal supplying means for supplying 
the transmission information signal to the second 
multiplying means as the input signal, and means 
responsive to a transmission spread spectrum 
signal for producing the second spread spectrum 

20 signal. 

According to this invention, the above-specified 
transmitter-receiver comprises combining means 
for combining the first and the second multiplied 
signals into the transmission spread spectrum 

25 signal with the low frequency component rejected 
from the first multiplied signal. 

As will become clear as the description 
proceeds, the reception spread spectrum signal 
may be the first spread spectrum signal as it 

30 stands. When the network comprises an 
exchange facility, one and the same pseudo noise 
code sequence assigned to the modem under 
consideration may be used in common as the first 
and the second pseudo noise code sequences. 

35 Otherwise, it is preferred that the pseudo noise 
code sequence generating means should 
comprise first and second pseudo noise code 
sequence generating means for generating two 
pseudo noise code sequences, respectively. One 

40 is for use as the first pseudo noise code sequence 
and the other, as the second pseudo noise code 
sequence. 

When the directional transmission line 
comprises a close-loop transmission line, it is 

45 preferred that different pseudo noise code 
sequences be preliminarily assigned to those 
specific ones of the modems which are coupled to 
the closed-loop transmission line. If the 
transmitter-receiver is comprised by one of the 

so specific modems, the first pseudo noise Gode 
sequence is preferably the pseudo noise code 
sequence assigned to the modem under 
consideration, if the destination modem is also 
one of the specific modems, the second' pseudo 

55 noise code sequence may be the pseudo noise 
code sequence assigned to the destination 
modem. 

According to an aspect of this invention, the 
transmitter-receiver is for use in each of the 

60 specific modems irrespective of the above- 
described specific assignment of the pseudo 
noise code sequences. In this event, the 
combining means comprises low frequency 
component rejecting means for rejecting the low 

65 frequency component from the first multiplied 
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signal to produce a lower frequency component 
rejected signal, third multiplying means for 
multiplying the low frequency component 
rejected signal by the first pseudo noise code 
sequence generated by the pseudo noise code 
sequence generating means to produce a third 
multiplied signal, and adding means for adding 
the second and the third multiplied signals into 
the transmission spread spectrum signal. 

When a bit and a frame synchronising signal 
are caused to circulate from a synchroniser 
through a closed-loop transmission line, the bit 
and the frame synchronizing signals would return 
to the synchronizer out of synchronism with the 
sent out bit and frame synchronizing signals. It is 
convenient in practice to use as the frame 
synchronizing signal a synchronizing pseudo 
noise code sequence generated with a predeter- 
mined frame period and a predetermined initial 
value. The predetermined frame period is usually 
equal to the frame period of the demodulating 
and the modulating pseudo noise code 
sequences and is considerably long. Due to the 
considerable length, specific attention should be 
directed to frame synchronism of the 
synchronizing pseudo noise code sequence. The 
frame synchronism fluctuates due to a variation 
in the ambient temperature of the transmission 
line. It has now been confirmed that a usual 
voltage controlled oscillator may be used in 
generating the pseudo noise code sequence 
generating clocks. The transmitter-receiver 
therefore comprises a controllable pseudo noise 
code sequence generator for generating the 
synchronizing pseudo noise code sequence with 
a controllable pseudo noise code sequence 
generating clock period. The synchronizing 
pseudo noise code sequence thereby generated 
has a controllable frame phase. Although the 
predetermined frame period is accordingly 
controlled, it is possible to understand that the 
frame period is so predetermined. The 
synchronizing pseudo noise code sequence 
returns to the synchronizer with a delayed frame 
phase. The controllable frame phase is 
synchronized to the delayed frame phase. 

On carrying out carrier sensing, the reception 
spread spectrum signal is preferably supplied to 
the second multiplying means as the input signal. 
When the destination modem is idle, the second 
multiplied signal has a substantially zero 
amplitude. On receiving a broadcast information 
signal, the reception spread spectrum signal is 
again supplied to the second multiplying means. 
The second multiplied signal provides a 
reproduction of the broadcast information signal. 
The transmission information signal may either 
be for reception by one of the modems that is 
preselected as a destination modem or a 
broadcast information signal to be sent from the 
modem in question to other modems of the 
network. 

The different pseudo noise code sequences are 
usually generated by clocks having a predeter- 
mined clock period in compliance with a single 



generating polynomial with different initial 
values, respectively. The predetermined clock 
period defines a predetermined frequency band. 

According to another aspect of this invention, 

5 the predetermined frequency band is made to 
comprise first through l-th partial frequency 
bands having a substantially common partial 
bandwidth and not substantially overlapping 
each other, where I represents a predetermined 

10 integer greater than unity. The modems are 
classified into first through l-th groups, each 
group consisting of at least two of the modems. 
The first through the l-th partial frequency bands 
are allotted to the first through the l-th groups, 

15 respectively. Different ones of the different 
pseudo noise code sequences are assigned to the 
respective modems in each group. Let it now be 
presumed that the transmitter-receiver is 
comprised by a modem in a group allotted with a 

20 predetermined one of the partial frequency bands 
and that a destination modem is in a group 
allotted with a preselected one of the partial 
frequency bands. Let it furthermore be assumed 
that the first spread spectrum signal comprises a 

25 particular spread spectrum component in the 
predetermined partial frequency band. The 
reception spread spectrum signal producing 
means should comprise means for extracting the 
particular spread spectrum component from the 

30 first spread spectrum signal as the reception 
spread spectrum signal. The combining means 
should comprise first through l-th filters having 
passbands at the first through the l-th partial 
frequency bands, respectively, means for 

35 selecting one of the first through the l-th filters 
that has a passband at the preselected partial 
frequency band so that the selected filter may be 
responsive to the second multiplied signal to 
produce a partial band spread spectrum signal in 

40 the preselected partial frequency band, particular 
spread spectrum component rejecting means for 
rejecting the particular spread spectrum 
component from the first spread spectrum signal 
to produce a particular spread spectrum 

45 component rejected signal, and composing 
means for composing the first multiplied signal, 
the partial band spread spectrum signal, and the 
particular spread spectrum component rejected 
signal into the transmission spread spectrum 

50 signal with the low frequency component rejected 
from the first multiplied signal. 

An SS multiplex communication network 
comprising such transmitter-receivers may be 

55 called a band division SS multiplex 
communication network. One and the same 
partial frequency band may be used in common 
as the predetermined and the preselected partial 
frequency bands. It is possible to compose a band 

60 division SS multiplex communication network by 
using transmitter-receivers, each comprising no 
combining means but instead at least one filter 
having a passband at the preselected partial 
frequency band to be responsive to the second 

65 multiplied signal for producing the partial band 
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spread spectrum signal as the second spread 
spectrum signal. 

It has now been confirmed that the partial 
bandwidth may be as narrow as about one fifth of 
the predetermined frequency band. On the other 
hand, the interchannel interference becomes 
appreciably objectionable when one of the partial 
frequency bands overlaps a center portion of the 
predetermined frequency band. It is therefore 
possible to make the predetermined frequency 
band further comprise a synchronizing signal 
transmission band at the center portion for use in 
transmitting a narrow-band frame synchronizing 
signal. Alternatively, the highest of four partial 
frequency bands may be used in transmitting a 
spread spectrum multiplex signal and three 
remaining partial frequency bands, collectively 
for transmission of a TDM signal. 

When the modems deal with information 
signals having a plurality of different data clock 
periods, it is possible to unexpectedly increase 
the number of modems accommodated by the 
network by reducing the redundancy that has 
been inevitable for the information signals of 
longer data clock periods with a conventional 
spread spectrum multiplex communication 
network. 

For a transmitter-receiver according to still 
another aspect of this invention, the different 
pseudo noise code sequences consist of pseudo 
noise code sequences of a first through a Q-th 
family, where Q represents a predetermined- 
integer greater than unity. The first-family pseudo 
noise code sequences are for at least one of the 
modems that deals with information signals of a 
shortest of the different data clock periods. The 
Q-th-famiiy pseudo noise code sequences are for 
at least one of the modems that deals with 
information signals of a longest of the different 
data clock periods. The first-family through the 
Q-th-family pseudo noise code sequences are 
given by pseudo noise code sequences of a first 
through a Q-th kind as will presently be described. 
The first-kind pseudo noise code sequences are 
generated by clocks having a first clock period in 
compliance with a first generating polynomial 
specifying a first frame period not longer than the 
shortest data clock period and with different initial 
values, respectively. The q-th-kind pseudo noise 
code sequences are generated by clocks having a 
q-th clock period in compliance with a q-th 
generating polynomial specifying a q-th frame 
period and with different initial values, 
respectively, where q represents an integer 
between two and Q, both inclusive. The q-th clock 
period should be equal to an integral multiple of 
the (q-1)-th frame period, where the integral 
multiple may be equal to unity. The Q-th frame 
period should not be longer than the longest data 
clock period. The first-family pseudo noise code 
sequences are now given by those of the first-kind 
pseudo noise code sequences, respectively, 
which are preselected with at least one first-kind 
pseudo noise code sequence left unselected. Each 
of the q-th-family pseudo noise code sequences is 



given by a product of a first through a q-th 
component pseudo noise code sequence, where 
the first through the (q-1)-th component pseudo 
noise code sequences are those preselected one 

5 from the at least one unselected pseudo noise 
code sequence of each of the first through the 
(q-1)-th kinds and where the q-th component 
pseudo noise code sequence is one preselected 
from the q-th-kind pseudo noise code sequence 

w with at least one q-th-kind pseudo noise code 
sequence left unselected unless q is equal to Q. 
Furthermore, each of the component pseudo 
noise code sequences used to provide the 
product should be selected so as not to be in 

w duplication with any one of the components 
pseudo noise code sequences used to provide the 
products for others of the q-th-family pseudo 
noise code sequences. 

2o It is possible to make the pseudo noise code 

20 sequence generating means generate at least one 
q'-th-family pseudo noise code sequence, where 
q' represents an integer selected between unity 
and Q, both inclusive, so that the q'-th frame 
period be not longer than the data clock period in 

25 question and be nearest thereto among the first 
through the Q-th frame periods. Alternatively, the 
pseudo noise code sequence generating means 
may generate a set of component pseudo noise 
code sequences for the q'-th-family pseudo noise 

30 code sequence. In this latter event, each of the 
first through the third multiplying means should 
comprise means for multiplying an input signal 
supplied thereto successively by the component 
pseudo noise code sequences unless the pseudo 

35 noise code sequence to be used in the modem in 
question is one of the first-family pseudo noise 
code sequence. 

A transmitter-receiver of the last-described type 
40 may be used without the combining means and 
with the second multiplied signal used directly as 
" the second spread spectrum signal. 

Brief description of the drawing: 

45 Fig. 1 is a block diagram of an SS multiplex 

communication network comprising SS modems 
to which the instant invention is applicable; 

Fig. 2 is a block diagram of a TDM transmitter- 
receiver for use in combination with an SS 

50 transmitter-receiver in a modem according to an 
embodiment of this invention; 

Fig. 3 schematically shows signals for use in 
describing operation of the TDM transmitter- 
receiver depicted in Fig. 2; 

55 Fig. 4 is a block diagram of a conventional SS 

modem; 

Fig. 5 is a block diagram of an M sequence 
generator for use in a transmitter-receiver 
according to this invention; 
60 Fig. 6 is a block diagram of an SS modem 

according to a first embodiment of this invention; 

Fig. 7 is a block diagram of an SS modem 
according to a second embodiment of this 
invention; 

65 Fig. 8 is a block diagram of an SS modem 
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according to a modification of the SS modem 
shown in Fig. 7; 

Fig. 9 is a block diagram of an SS modem 
according to a third embodiment of this 
invention; 

Fig. 10 diagrammatically shows several signals 
for use in describing operation of the SS modem 
illustrated in Fig. 9; 

Fig. 11 is a block diagram of a delay lock loop 
for use in the SS modem shown in Fig. 9; 

Fig. 12 is a block diagram of a synchronism 
monitor for use in the SS modem depicted in Fig. 
9; 

Fig. 1 3 is a block diagram of a frame detector for 
use in the SS modem illustrated in Fig. 9; 

Fig. 14 is a block diagram of an SS modem 
according to a fourth embodiment of this 
invention; 

Fig. 15 is a block diagram of an SS modem 
according to a fifth embodiment of this invention; 

Fig. 16 shows distortion-to-signal ratios for use 
in describing the principles on which the SS 
modem illustrated in Fig. 15 is based; 

Fig. 17 is a block diagram of an SS multiplex 
communication network comprising SS modems 
of the type shown in Fig. 15; 

Fig. 18 diagrammatically shows a plurality of 
partial frequency bands and a plurality of 
synchronizing signals used in the network 
depicted in Fig. 17; 

Fig. 19 shows distortion-to-signal ratios for use 
in describing the principles on which the network 
shown in Fig. 17 is based; 

Fig. 20 shows signal-to-distortion ratios for use 
in describing the principles on which the network 
illustrated in Fig. 17 is based; 

Fig. 21 shows an overload characteristic of an 
SS multiplex communication network; 

Fig. 22 is a block diagram of another SS 
multiplex communication network comprising SS 
modems of the type shown in Fig. 15; 

Fig. 23 is a block diagram of still another SS 
multiplex communication network comprising SS 
modems of the type depicted in Fig. 15; 

Fig. 24 is a block diagram of yet another SS 
multiplex communication network comprising SS 
modems of the type illustrated in Fig. 15; 

Fig. 25 schematically shows a plurality of partial 
frequency bands including a synchronizing signal 
transmission band for use in describing a 
modification of the network shown in Fig. 17; 

Fig. 26 diagrammatically shows several signals 
for use in resorting to a frame synchronizing 
signal to be transmitted through the synchroniz- 
ing signal transmission band depicted in Fig. 25; 

Fig. 27 is a block diagram of a combining logic; 

Fig. 28 schematically shows a binary 
information signal, two PN code sequences 
having different frame periods, and SS signals 
obtained by modulating the PN code sequences 
by the binary information signal; 

Fig. 29 is a block diagram of an SS multiplex 
communication network comprising SS modems 
according to an aspect of this invention; 
Fig. 30 is a block diagram of an SS modem 



according to a sixth embodiment of this 
invention; 

Fig. 31 is a block diagram of an SS multiplex 
communication network of the type shown in Fig; 

5 29 ' 

Fig. 32 is a block diagram of another SS 
multiplex communication network of the type 
depicted in Fig. 29; 
Fig. 33, drawn below Fig. 28, diagrammatically 
1Q shows frequency distributions of an SS multiplex 
signal and a TDM signal; 

Fig. 34 is a block diagram of an SS multiplex 
communication network comprising transmitter- 
receivers according to a seventh embodiment of 
J5 this invention; 

Fig. 35 is a block diagram of an SS multiplex 
communication network of the type depicted in 
Fig. 34; 

Fig. 36 is a block diagram of another SS 
2Q multiplex communication network of the type 
shown in Fig. 34; and 

Fig. 37 is a block diagram of still another SS 
multiplex communication network of the type 
illustrated in Fig. 34. 

Description of the preferred embodiments: 

Referring to Fig. 1, an SS (spread spectrum) 
multiplex communication network in which an SS 
modem or SS transmitter-receiver according to 

w the present invention is used, comprises a 
transmission line 41 exemplified in a simple form 
merely for brevity of description. The 
transmission line 41 comprises a closed-loop or 
loop-shaped transmission line 42 and another 

f5 transmission line 43 having two ends. One end is 
connected to the loop transmission line 42 at a 
point of connection so that the transmission line 
43 may branch outwardly of the loop 
transmission line 42 as a branch transmission 

tQ line. The other end is left open. As will later 
become clear, the loop transmission line 42 may 
be a single transmission line. The branch 
transmission line 43 may comprise an up and a 
down transmission line. 

t5 A plurality of SS modems, such as 46, 47, and 

fil 48, are coupled to the loop transmission line 42. 
An SS modem 49 may be situated at the point of 
connection so as to be coupled both to the loop 
and the branch transmission lines 42 and 43. 

50 Other SS modems, such as 50, are coupled to the 
branch transmission line 43. Modems (not 
shown) of at least one different type, such as TDM 
(time division multiplex) modems, may or may 
not be coupled to the transmission line 41, 

55 namely, the loop and/or the branch transmission 
line 42 and/or 43. Each of the SS modems 46 
through 49 is of the structure to be described later 
and gives the loop transmission line 42 a 
directivity of a predetermined sense indicated by 

60 arrowheads. 

In the illustrated example, the SS modem 46 is 
for a single subscriber S. The SS modem 48 is for 
first through J-th subscribers S(1), S(2), . . . , and 
S(J) and may be a line concentrator. It will be 

6S presumed for the time being that all subscribers 
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S, S(1), . . . , and S(J) and other subscribers (not 
shown) accommodated by the remaining SS 
modems, such as 47, 49, and 50, deal with binary 
information signals of a common relatively low 
data clock rate or frequency f D . The information 
signals therefore have frequency components in a 
relatively narrow frequency band [0, f D ], namely, 
between a substantially zero frequency and an 
upper frequency edge equal to the data clock rate 
f D . 

Referring to Figs. 2 and 3, a TDM modem for 
use in a transmitter-receiver according to an 
embodiment of this invention will be described. 
The TDM modem is for coupling to the 
transmission line 41. Such TDM modems have 
conventionally been coupled to a loop 
transmission line 42. In other words, a multiplex 
communication network comprising a loop 
transmission line 42 has been a TDM 
communication network, in which the TDM 
modems carry out transmission and reception of 
information signals as a TDM signal consisting of 
a succession of frames. 

By way of example, each frame of the TDM 
signal consists of first through tenth time or pulse 
slots defined by TDM clocks of a TDM clock rate 
equal to the data clock rate multiplied by the 
number of channels. In the example being 
illustrated, the first time slot in each frame, 
indicated in Fig. 3 with hatches, is used for each 
frame alignment bit. Other time slots are used as 
TDM channels, allowing nine channels to be 
accommodated by the TDM communication 
network. If the channels are allotted to the 
respective TDM modems, the network can 
accommodate nine TDM modems at most. 

Merely for clarity of description, it will be 
assumed that the illustrated TDM modem is 
receiving an information signal TDM'ed in the 
fourth time slot in each frame from an originating 
TDM modem as a particular information signal 
and sending a transmission information signal 
TDM'ed in the seventh time slot in each frame by 
preselecting the originating TDM modem as a 
destination TDM modem. The seventh time slot is 
idle or vacant as represented by a zero level signal 
in Fig. 3 at (a). 

The TDM modem comprises a regenerative 
receiver 51 responsive to a TDM signal received 
from a first section of the loop transmission line 
42(1) for reproducing the frame alignment bit 
together with information bits of the respective 
TDM channels as illustrated in Fig. 3 at (a). Noise 
may be superposed on the TDM signal received 
from the transmission line section 42(1) and 
consequently on the reproduced bits. A register 
52 has first through tenth memory elements or 
cells, such as flip-flops, corresponding to the first 
through the tenth time slots of each frame, 
respectively. Timed by each reproduced frame 
alignment bit, a time division demultiplexing 
switch 53 distributes the reproduced information 
bits to the second through the tenth elements of 
the register 52. The fourth element of the register 
52 supplies its content to an information output 



terminal 55. The information bits successively 
stored in the fourth element provide a 
reproduction of the particular information signal 
as depicted in Fig. 3 at (b). 
5 The TDM modem further comprises a time 
division multiplexing switch 56 having first 
through tenth input terminals and an output 
terminal. The second, third, and fifth through 
tenth input terminals are supplied with contents 
70 of the corresponding memory elements of the 
register 52 through OR gates 57's. The fourth 
input terminal is grounded. The output terminal is 
connected to a second section of the loop 
transmission line 42(2). An information input 

15 terminal 61 is supplied with the transmission 
information signal, shown in Fig. 3 at (c), to be 
TDM'ed in the seventh time slot in each frame. An 
address input terminal 62 is supplied with an 
address signal specifying the destination TDM 

20 modem. Responsive to the address signal, a 
decoder 63 delivers the transmission information 
signal to one of the OR gates 57's that is 
connected to the seventh input terminal of the 
time division multiplexing switch 56. Timed by 

25 each reproduced frame alignment bit, the 
multiplexing switch 56 supplies a new TDM signal 
to the transmission line section 42(2) as depicted 
in Fig. 3 at (d), in which a zero level signal given 
by the ground is placed in the fourth time slot in 

30 each frame. The transmission information signal 
is located in the seventh time slot in each frame. 

As described with reference to Fig. 2, the loop 
transmission line 42 is divided into a plurality of 
sections. The loop transmission line 42 is thereby 

35 rendered directional or directive. The TDM 
modem must comprise bulky circuit elements, 
such as the register 52. The bulky hardware 
results in an increased power consumption and a 
raised cost. For correct operation of the switches 

40 53 and 56, complicated control is indispensable. 

Turning to Fig. 4, a conventional SS modem will 
be described in order to facilitate an 
understanding of this invention. M sequences, or 
M code (maximum length sequence code) 

45 sequences, of a common PN (pseudo noise) clock 
rate or frequency f 0 will be used as PN code 
sequences. As will later be described again, the M 
sequences have frequency components in a very 
wide or broad frequency band B or [0, f 0 ], namely, 

50 between a substantially zero frequency and an 
upper frequency edge equal to the PN clock rate 
f 0 . The SS modem is coupled to a branch 
transmission line 43, which consists of up and 
down transmission lines 43(1 ) and 43(2). A central 

55 station or an exchange station (not shown) may 
be connected to upstream ends of the up and the 
down transmission lines 43(1) and 43(2). The SS 
modem comprises an information output 
terminal 55, an information input terminal 61, and 

so an address input terminal 62 of the type described 
before. 

A reception SS signal is obtained through a 
branch 65 directly from a first SS signal reaching 
the branch 65 through the down transmission line 
65 43(2) and is supplied to an SS demodulator 66, 



8 



15 



0 041 253 



16 



which is an analog multiplier serving as a 
correlation detector. The first SS signal may be an 
SS multiplex signal into which a plurality of SS 
signals are multiplexed. In this event, the 
reception SS signal is also an SS multiplex signal. 
A first M sequence generator 67 generates a first 
M sequence assigned to the SS modem. Such an 
M sequence generator will presently be 
described. The SS demodulator 66 multiplies the 
reception SS signal by the first M sequence. The 
SS demodulator 66 may be called a first multiplier 
and produces a first product or multiplied signal 
as a correlation output signal representative of 
the result of correlation of the first M sequence to 
the reception SS signal. If a particular information 
signal to be received by the SS modem is carried 
by the first M sequence in the first SS signal, the 
first multiplied signal comprises an information 
signal component of an appreciable amplitude in 
a frequency range not exceeding the upper 
frequency edge f D of the narrow frequency band 
for the information signals. When the reception 
SS signal includes another information signal 
carried by another M sequence, the first 
multiplied signal includes an SS signal 
component of a very small amplitude. The SS 
signal component will be called an interference 
signal. 

A low-pass filter 68 has a cutoff frequency at the 
upper frequency edge f D and is for extracting the 
information signal component from the first 
multiplied signal together with a low frequency 
interference component of the interference 
signal. The low frequency interference 
component has a negligible energy. At any rate, 
the low-pass filter 68 extracts a low frequency 
component of the first multiplied signal and 
produces a low frequency signal, which may 
comprise the information signal component and 
the low frequency interference component. 
Responsive to the low frequency signal, a 
discrimination circuit 69, to be described later, 
delivers the particular information signal to the 
information output terminal 55. 

The information input terminal 61 is supplied 
with a transmission information signal to be sent 
to a destination SS modem coupled to the up 
transmission line 43(1). The address input 
terminal 62 is supplied with an address signal 
specifying the destination SS modem. 
Responsive to the address signal as will later be 
described, a second M sequence generator 71 
generates a second M sequence assigned to the 
destination SS modem. An SS modulator 72 is a 
balanced modulator and serves as a second 
multiplier in multiplying the transmission 
information signal by the second M sequence to 
produce a second product or multiplied signal. 
The second multiplied signal is used, as it stands, 
as a transmission spread spectrum signal and is 
delivered through a tributary 75 to the up 
transmission line 43(1) in superposition on an SS 
(multiplex) signal, if any, arriving at the tributary 
75. A second SS signal is thus sent towards the 



destination SS modem through the up 
transmission line 43(1). 

Turning further to Fig. 5 for a short while, an M 
sequence generator is for generating an M 
sequence having a PN clock rate f 0 and a frame 
length N. For M sequences, the frame length N is 
always represented by (2 k -1 ), where k represents 
a natural number. Incidentally, the number of 
different M sequence codes and consequently 
different M sequences having the PN clock rate 
and the frame length in common, is given by a 
function of the natural number F(k) as: 

F(k)=ct>(N)/k, 

where $(N) represents the Euler function of an 
argument N, famous in the number theory and 
representative of an integer equal to the number 
of positive integers which are less than the 
argument and coprime therewith, unity inclusive. 
The function F(k) may not necessarily have a 
value equal to an integer unless the frame length 
N or (2 k -1) is equal to a Mersenne prime. In this 
event, the number of different M sequences is 
given by an integer that does not exceed the value 
of the function F(k). 

The M sequence generator comprises a k-stage 
shift register 76 having first through k-th shift 
register stages. The k-th stage is the last shift 
register stage. PN clocks of the PN clock ratef 0 are 
used as shift pulses for the shift register 76. An 
Exclusive OR gate 77 is supplied with an output 
bit of a predetermined stage of the shift register 
76 and another output bit of the last shift register 
stage. An Exclusive OR output is supplied to the 
first shift register stage. The bits successively 
produced from the last shift register stage provide 
an M sequence. 

One or more Exclusive OR gates (not shown) 
may additionally be used. In this event, the gate 
supplied with the last shift register stage bit 
delivers the Exclusive OR output to another gate, 
which is supplied also with an output bit of a 
preselected one of the shift register stages except 
for the last and the predetermined shift register 
stages. The last one of such gates delivers its 
Exclusive OR output to the first shift register 
stage. The Exclusive OR gate or gates, such as 77, 
are connected to the shift register stages in 
compliance with a generating polynomial for the 
M sequence code. A PN code sequence is 
generated by a similar PN code sequence 
generator. 

It is possible to mathematically express an M 
sequence p(t), having a PN clock rate f 0 and a 
frame length N, as a function of time t by: 

oo N-1 
p(t)= Z Z p n u(t-nT-mNT), 

m =-oo n =0 

where m and n represent integers; p n 's for 

O^n^N-1 

represent an M sequence code 
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{Po/ Pi, . . ■ / p N -i}; 

T represents a PN clock period equal to the 
reciprocal of the PN clock rate; and u(t) represents 
a rectangular pulse signal having a pulse height 
rendered equal to unity only in an interval of time 
[0, T], namely, between zero and the PN clock 
period, and otherwise zero. The M sequence code 
{p n } consists of positive and negative unit pulses 
arranged time sequentially at the PN clock rate in 
compliance with a generating polynomial. Such 
an M sequence has frequency components 
distributed in the wide frequency band B or [0, f 0 ]. 
It is known that M sequences generated in 
compliance with different generating polynomials 
have weak cross-correlation. Each M sequence 
has a strong autocorrelation. In other words, a 
square of each M sequence is nearly equal to 
unity. 

Turning back to Fig. 4, consideration will be 
given to the distortion that appears in the 
received information signal. At first, the 
illustrated SS modem will be considered to be an 
originating SS modem. A PAM (pulse amplitude 
modulated) signal of a data clock period T D equal 
to the reciprocal of the data clock rate will be used 
as a transmission information signal a(t) to be 
sent to a destination SS modem coupled 
upstream to the up transmission line 43(1). The 
PAM signal may be a sequence of transmission 
information pulses {a m } having pulse heights a m 's 
and arranged time sequentially at instants mT D 
for integers m's varying from minus infinity to 
plus infinity. It is possible to mathematically 
express the transmission information signal as: 

00 

a(t)= Z a m u D (t-mT D ), 
m=-oo 

where u D (t) represents a rectangular pulse signal 
having a pulse height rendered equal to unity 
only in an interval of time between zero and the 
data clock period and otherwise zero. The second 
M sequence generated by the second M sequence 
generator 71 will be designated by p(t) as above. 
The second multiplier 72 supplies the up 
transmission line 43(1 ) with the second SS signal, 
which is given directly by a transmission SS 
signal s(t) expressed as: 

s(t)=p(t)a(t), 

in which the second M sequence carries the 
transmission information signal with the 
spectrum spread from the narrow frequency band 
[CL f D l to the wide frequency band [0, f 0 ]. 

Next, the illustrated SS modem will be 
considered as a destination SS modes for 
receiving the above-described SS signal s(t) 
directly as a reception SS signal r(t) from a certain 
SS modem coupled upstream to the down 
transmission line 43(2). Merely for simplicity of 
description, the data clock period T D will be 
surmised to be equal to a PN frame period NT, 



namely, N times the PN clock period. The first M 
sequence generator 62 generates the above- 
specified M sequence p(t). The received 
information signal delivered to the information 
5 output terminal 55 is a sequence of reproduced 
information pulses {a m /} of pulse heights {a m >} of 
pulse heights a m /s for integers (m')'s varying 
from minus infinity to plus infinity. Each 
reproduced information pulse a m , is given by: 

10 

N-1 

a m ,= Z Pn r(nT+m'NT). 
n=0 

15 If the transmission line 41 were ideal so as to 
give the reception SS signal r(t) by the 
transmission SS signal s(t): 

a m '=Na m , . 

20 

That is, each reproduced information pulse is a 
desired signal decided by a function of a 
transmission information pulse a m , alone. The 
reproduced information pulse sequence is a 

25 reproduction of the transmission information 
pulses and includes no distortion. 

As will later be discussed again, the 
transmission line 41 may not necessarily be idea! 
in practice. Distortion will appear in the 

30 reproduced information pulse sequence. Each 
reproduced information pulse a m * is no longer 
determined by a function of a transmission 
information pulse a m , alone but takes a value 
including an intra-channel or intercode 

35 interference component dependent on adjacent 
transmission information pulses. More 
specifically: 



40 a m r—K Q a m r+ Z K w a m > +W , 

w— — oo 
w=£0 

where K w for integers w's varying from minus 

45 infinity to plus infinity, represent constants 
dependent on the transmission characteristics 
and the like of the transmission line 41. The first 
term K 0 a m / gives the desired reproduction of a 
transmission information pulse. The second term 

50 gives the intercode interference component. 

When the desired signal and the intercode 
interference component are designated by S and 
D, it is possible to define an SD ratio (signal-to- 
distortion ratio) by a ratio of mean square of the 

55 desired reproductions "S^to mean squ are of the 
intercode interference components D* and to use 
the SD ratio as a criterion of the degree of 
distortion or degradation resulting from the 
intercode interference. It is already known that a 

60 transmission information signal modulated into 
an SS signal by a PN code sequence is 
reproduced as a received information signal with 
an excellently high SD ratio even when the 
transmission line 41 has a frequency selectivity to 

65 give rise to spectral dispersion of the SS signal, 
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provided that the transmission line 41 is capable 
of transmitting anSS signal of the wide frequency 
band. This is because the SS signal has a nature 
of white noise. 

Referring back to Fig. 1, let the SS modems 46 
through 49 coupled to the loop transmission line 
42 be called first through fourth SS modems and 
assigned with first through fourth M sequences 
Pi(t), p 2 (t), p 3 (t), and p 4 (t) generated by common 
PN clocks in compliance with different generating 
polynomials specifying a predetermined frame 
period. Let it also be assumed that only the first 
SS modem 46 sends a transmission information 
signal a^t), selecting the second SS modem 47 as 
a destination SS modem. Inasmuch as the second 
SS modem 47 is assigned with the second M 
sequence p 2 (t), an SS signal (not multiplexed in 
the example under consideration) sent from the 
first SS modem 46 to the transmission line 42 is 
represented by p 2 (t)a 1 (t). In the second SS 
modem 47, the SS signal pgMa-tft) is multiplied by 
the second M sequence p 2 (t). The result of 
multiplication is caused to pass through the 
low-pass filter 48 and discriminated by the 
discrimination circuit 69 as a reproduction of the 
transmission information signal. 

The SS signal p 2 {t)a-,(t) is no longer necessary 
after once received at the second SS modem 47. 
The SS signal nevertheless circulates through the 
loop transmission line 42 to repeatedly reach the 
second SS modem 47. Reproduction of the 
transmission information signal is repeated to 
interfere with the already reproduced information 
signal. Furthermore, two transmission lines 43(1) 
and 43(2) are indispensable for the SS modem of 
the type illustrated with reference to Fig. 4. Even 
when the up and the down transmission lines 
43(1) and 43(2) are used as the branch 
transmission line 43 rather than as the loop 
transmission line 42, the repeated reproduction 
takes place if the centra! station merely transmits 
the SS signal received from the up transmission 
line 43(1) to the down transmission line 43(2). 

As described in conjunction with Fig. 5, 
eighteen different M sequences are available 
when each of the shift registers, such as 76, has 
seven stages and the frame length is accordingly 
one hundred and twenty-seven bits long. The SS 
signal, whether multiplexed or not, has frequency 
components in the wide frequency band B. The 
transmission line 41 must be capable of 
transmitting signals in the wide frequency range 
B. In other words, the wide frequency band B 
must be allotted to the SS multiplex 
communication network. If the data clock rate f D 
of the information signals is equal to fo/127, it is 
possible according to the TDM technique to 
divide the allotted frequency band B into one 
hundred and twenty-seven time slots or TDM 
channels. In contrast, only eighteen SS channels 
are available at most by an SS multiplex 
communication network allotted with the 
frequency band B. The efficiency of frequency 
allotment is objectionably poor. 

One scheme for raising the efficiency of 



frequency allotment is to use Gold codes, known 
in the art, as the PN codes. Even with the Gold 
codes, the number of allowable SS channels 
increases only to (2 k +1), or one hundred and 
twenty-nine when the common frame length of 
the Gold codes is one hundred and twenty-seven 
bits long. 

Another scheme is revealed in the Ogiwara et al 
article referred to heretobefore. According to 
Ogiwara et al, the PN codes are given by M 
sequence codes derived by cyclically bit shifting 
each of M sequence codes generated by common 
PN clocks in compliance with different generating 
polynomials specifying a common frame length. 
The number of different M sequence codes 
obtained from each m sequence code is equal to 
the frame length, the zero-bit-shifted M sequence 
code inclusive. On using such M sequences as the 
PN code sequences, it is mandatory that the SS 
signal obtained by modulating an M sequence by 
an information signal be demodulated by the M 
sequence having a frame phase synchronized to 
the modulation M sequence. If thus phase 
synchronized, these M sequences have weak 
cross-correlation. A square of each of such M 
sequences is nearly equal to unity. It is therefore 
possible under the circumstances to 
accommodate (127x18) SS channels in theory. 

The number of SS channels capable of being 
accommodated in practice is, however, restricted 
because of degradation of the SN ratio resulting 
from interference, called jamming, among the 
accommodated channels. The degree of jamming 
is dependent on the average call rate of each SS 
modem and consequently on the duty ratio of 
each information signal to be multiplexed. The 
degree is also dependent on the activity of a 
speech signal used as each information signal, 
namely, the ratio of voiced intervals of time to the 
whole duration of the speech signal. According to 
the Ogiwara et al article, it is possible to 
accommodate three hundred and eighty-one SS 
channels in an SS multiplex communication 
network in case where all the cyclically bit shifted 
M sequence codes of a common frame length of 
one hundred and twenty-seven bits are resorted 
to, where the information signals are encoded 
speech signals of an average call rate of 0.1 and 
an average activity of 0.25, and where an SN ratio 
of about 13dB is assumed to be allowable. When 
the information signals are data and/or picture 
signals of a high duty ratio (equivalent to an 
activity of 1.0), the SS multiplex communication 
network can accommodate only one hundred and 
fifty SS channels. 

The jamming is unexpectedly reduced when 
the PN code sequences are given by M sequences 
derived by cyclically bit shifting only one M 
sequence code. The M sequences therefore have 
a common generating polynomial and a common 
PN clock rate. Mathematically speaking, cross- 
correlation between such M sequences is weaker 
than that between the cyclically bit shifted M 
sequences having different generating 
polynomials and a common PN clock rate. The 
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interference between channels decreases by a 
factor of 1/N as compared with the interchannel 
interference inevitable in an SS multiplex 
communication network resorting to the cyclically 
bit shifted M sequences generated by common 
clocks in compliance with different generating 
polynomials having a common frame length. 
Using the M sequences having a common 
generating polynomial is advantageous also in 
designing an M sequence generator, such as 71 
(Fig. 4), for generating an M sequence for use as a 
modulation M sequence. In this connection, it 
may be pointed out here that k successive bits of 
an M sequence having a frame length of (2 k -1/ 
hbits, are of a specific bit pattern unless two 
sequences of such successive bits are spaced 
apart by the frame length. 

When the Gold codes of a common frame 
length N and a common PN clock rate are allotted 
to the respective SS modems, the power resulting 
from the interchannel interference between two 
different channels is about 1/N if the signal power 
is regarded as unity. When the SS multiplex 
communication network comprises z SS 
modems, the SN ratio of an information signal 
received by one of the SS modems is: 

10 log(N/z), 

in decibels. If the SN ratio should be higher than 
10 dB, the number of allowable channels for the 
encoded speech signals exemplified above is only 
N/10. 

In contrast, the SN ratio of an information 
signal received at one of such SS modems is: 

10 log(N 2 /z), 

in decibels, when the PN code sequences are 
provided by cyclically bit shifted M sequences 
having a common generating polynomial and a 
common PN clock rate. Even when the number z 
is as great as the allowable maximum number N, 
the SN ratio is (10 logN) decibels. It is therefore 
possible by the use of a longer frame length N to 
increase the number of accommodated SS 
channels and to raise the SN ratio. 

Referring to Fig. 5 again, it is usual that the shift 
register 76 has parallel input and output signal 
leads. When the cyclically bit shifted M sequences 
have a common generating polynomial and a 
common PN clock rate, the M sequence generator 
for use as the second M sequence generator 71 
(Fig. 4) may be accompanied by an ROM (read 
only memory) 79 having an address input signal 
lead connected to the address input terminal 62 
and A: parallel output signal leads connected to the 
respective parallel input signal leads of the shift 
register 76. Addressed by the address signal, the 
ROM 79 supplies an initial value consisting of k 
bits to the shift register 76. The initial value 
specifies a particular one of the cyclically bit 
shifted M sequences and is set in the respective 
shift register stages by an initial value set signal 
supplied also to the shift register stages through 



an initial value set signal input lead 80. If the M 
sequence generator is for use as the first M 
sequence generator 67 (Fig. 4), a simple code or 
pattern generator for generating a predetermined 
5 bit pattern may be substituted for the ROM 79. 
The predetermined bit pattern is for use as an 
initial value for the M sequence assigned to the 
SS modem and is set in the respective shift 
register stages by a similar initial value set signal. 
w Such an initial value set signal may be a frame 
synchronizing signal, to be later described, for 
establishing frame synchronism between the 
modulation and the demodulation M sequences 
used in an originating and a destination SS 
15 modem. 

By way of example, the ROM 79 of the second 
M sequence generator 71 of the first SS modem 
46 (Fig. 1) has a plurality of addresses for other SS 
modems, such as 47 through 50, of the SS 

20 multiplex communication network. The 
addresses are loaded with the initial values of the 
M sequences p 2 (t) through p 4 (t) and others. If the 
second SS modem 47 is the destination SS 
modem, the address loaded with the initial value 

25 of the second M sequence p 2 (t) is accessed by the 
address signal. 

Referring now to Fig. 6, an SS modem 
according to a first embodiment of this invention 
is for coupling to a directional transmission line, 

30 which may be a loop transmission line 42 
comprising first and second loop transmission 
line sections 42(1) and 42(2). After once received, 
a particular information signal no longer 
circulates through the loop transmission line 42. 

35 This is rendered possible with attention directed 
to the fact that the SS signals have a very wide 
frequency band as compared with the 
information signals. 
Similar parts are designated by like reference 

40 numerals. A combining circuit is used in 
combining the first and the second multiplied 
signals to produce the transmission SS signal 
with the low frequency component rejected from 
the first multiplied signal. More specifically, the 

45 combining circuit comprises a high-pass filter 81 
having a cutoff frequency substantially at the 
upper frequency edge f D of the information 
signals. The high-pass filter 81 produces a low 
frequency component rejected signal by rejecting 

so the low frequency component from the first 
multiplied signal. A third multiplier 82 multiplies 
the low frequency component rejected signal by 
the first M sequence and produces a third 
multiplied signal. An adder 83 adds the second 

55 and the third multiplied signals into a 
transmission SS signal, which is supplied directly 
to the second loop transmission line section 42(2) 
as the second SS signal. Incidentally, the branch 
65 and the tributary 75 (Fig. 4) are extensions of 

60 the transmission line sections 42(1 ) and 42(2). The 
M sequences may be those generated by clocks 
having a common PN clock rate in compliance 
with different generating polynomials specifying 
a common frame length. Furthermore, the M 

65 sequences may be similar PN code sequences. 
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Referring back to Fig. 1 again, let each of the 
first through the fourth SS modems 46 to 49 bean 
SS modem illustrated with reference to Fig. 6. 
Merely for convenience of description, it will be 
assumed that the first through the fourth SS 
modems 46 to 49 are assigned with the first 
through the fourth M sequences p^t) to p 4 (t) and 
are sending first through fourth transmission 
information signals a^t), a 2 (t), a 3 (t), and a 4 (t) to 
the fourth SS modem 49, the first SS modem 46, 
the second SS modem 47, and the third SS 
modem 48, respectively. The modulation M 
sequences used in the first through the fourth SS 
modems 46 to 49 are the fourth, first, second, and 
third M sequences p 4 (t), p^t), p 2 (t), and p 3 (t), 
respectively. For that SS signal sent by the first SS 
modem 46 through the loop transmission line 42 
in which the fourth M sequence carries the first 
transmission information signal, the second and 
the third SS modems 47 and 48 are mere transit 
SS modems. 

Operation of the first SS modem 46 will be 
considered. When denoted by r(t), the first SS 
signal arriving at the branch 65 leading to the first 
multiplier 66 of the first SS modem 46 through the 
loop transmission line 42 is: 

r(t)= p! (t)a 2 (t) + p 2 (t)a 3 (t) + p 3 (t)a 4 (t), 

if the transmission line 42 gives no loss to the SS 
signals. The first multiplied signal, designated by 
r'(t), is: 

r'(t)=a 2 (t)+d 1 (t), 

where d^t) represents an interference signal 
given by: 

d 1 (t)= P! (t)p 2 (t)a 3 (t)+ Pl (t)p 3 (t)a 4 (t). 

The first multiplied signal includes an 
information signal component a 2 (t) to be received 
as a received information signal at the first SS 
modem 46. The information signal component 
a 2 (t) has a high spectral energy density and 
accordingly an appreciable amplitude in the 
narrow frequency band [0, f D ]. Inasmuch as the 
first M sequence p^t) has only weak cross- 
correlation to each of the second and the third M 
sequences p 2 (t) and p 3 (t), the interference signal 
d^t) has a low spectral energy density in the wide 
frequency band B or [0, f 0 ]. The low-pass filter 68 
produces a low frequency signal comprising the 
information signal component a 2 {t) and a low 
frequency interference component of the 
interference signal d^t). The low frequency 
interference component has a negligible energy. 
A reproduction of the second transmission 
information signal a 2 (t) is therefore obtained as a 
received information signal with a sufficiently 
high SN ratio. 

It is possible to understand that the correlation 
detection is a process of converting the wide- 
band SS signal p^tja^t) to a narrow-band 
information signal a 2 (t). If desired, the difference 



in levels between the information signal 
component a 2 (t) and the low frequency 
interference component of the interference signal 
d^t) may be used in discriminating the received 

5 information signal from the low frequency 
interference component. The discrimination 
circuit 69 may therefore be a sampler operable at 
the data clock period 1/f D or a peak clipper for 
extracting a signal component exceeding the low 

1Q spectral energy density from the low frequency 
signal. Incidentally, the low-pass filter 68 may be 
a Nyquist filter. Alternatively, the low-pass filter 
68 may be a reset or dump integrator reset at the 
data clock period 1/f D as will later become clear. 

J5 The high-pass filter 81 rejects the low frequency 
component of the first multiplied signal r'(t). The 
information signal component a 2 {t) is rejected in 
the low frequency component rejected signal, 
together with the low frequency interference 

20 component of the interference signal d^t). Due to 
the low spectral energy density, the interference 
signal d^t) is substantially retained in the low 
frequency component rejected signal. The low 
frequency component rejected signal, denoted by 

25 r"(t), is substantially: 

r' / (t)=p 1 (t)p 2 (t)a 3 (t)+p l (t)p 3 (t)a 4 (t). 

The third multiplier 82 multiplies the low fre- 
30 quency component rejected signal r"(t) by the 
first M sequence p^t). The third multiplied signal 
is therefore given by 

[p 2 (t)a 3 (t)+p 3 (t)a 4 (t)]. 

35 

An SS signal component in the first SS signal that 
should merely transit through the first SS modem 
46, is thus substantially regenerated. The adder 
83 adds the third multiplied signal and the second 
4Q multiplied signal p 4 (t)a n (t) together. The trans- 
mission SS signal, denoted by s(t), is therefore 
substantially: 

s(t) = p 4 (t)a 1 (t) + p 2 (t)a 3 (t) + p 3 (t)a 4 (t), 

45 

which signal is delivered to the second loop 
transmission line section 42(2) as the second SS 
(multiplex) signal. 

As would be clear from comparison of the first 
50 SS signal r(t) with the second SS signal s(t), the 
SS signal component p^tja^t) sent from the 
second SS modem 47 to the first SS modem 46 is 
no longer included in the second SS signal. Other 
SS signal components p 2 (t)a 3 (t) and p 3 (t)a 4 (t) are 
55 substantially retained in the second SS signal. 
Operation of the other SS modems 47 through 49 
is not much different and will not be described. 

When the first SS signal r(t) includes no SS 
60 signal component to be received by the first SS 
modem 46 and is given by: 

r(t)=p 2 (t)a 3 (t)+p 3 (t)a 4 (t), 
65 the first multiplied signal becomes: 
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r'{t)=Pi{t)p 2 (t)a 3 {t)+p 1 {t»p3(t)a 4 (t). 

The low frequency signal consists of the low 
frequency interference component of the 
negligible energy. The low frequency component 
rejected signal is again given substantially by: 

r''(t)-p 2 (t)a 3 (t)+p 3 (t)a 4 (t). 

The SS modem illustrated with reference to Fig. 
6 is operable even with any PN code sequences as 
pointed out before. The first and the second M 
sequence generators 67 and 71 may be referred to 
as first and second PN code sequence generators 
depending on the circumstances. 

Referring to Fig. 7, an SS modem according to a 
second embodiment of this invention comprises 
similar parts designated by like reference 
numerals. The SS modem is connected to the first 
and the second loop transmission line sections 
42(1) and 42(2) and is operable by the use of M 
sequences derived by cyclically bit shifting an M 
sequence code generated by clocks having a 
predetermined PN clock rate in compliance with a 
single generating polynomial. The third multiplier 
82 (Fig. 6) is removed. Instead, a novel M 
sequence generator 91 is substituted for the 
second M sequence generator 71 used in the SS 
modem illustrated with reference to Fig. 6. The 
novel M sequence generator 91 generates a 
second M sequence as will be discussed in the 
following. The combining circuit comprises the 
high-pass filter 81 for rejecting the low frequency 
component from the first multiplied signal to 
produce a low frequency component rejected 
sfgnal, and the adder 83 for adding the low 
frequency component rejected signal and the 
second multiplied signal into the transmission SS 
signal. 

Let is be surmised that a destination SS modem 
should receive a first PN code sequence p^t) 
modulated at an originating SS modem by a first 
information signal a^t) into an SS signal p^tja^t) 
and that another SS signal p 2 (t)a 2 (t) coexists on 
the transmission line 42 to provide an SS 
multiplex signal 

[p 1 (t)a 1 (t)+p 2 (t)a 2 (t)]. 

At the destination SS modem, a reception signal 
r(t) is multiplied by the first PN code sequence 
p^t) into a first multiplied signal r'(t) given by: 

r'(t)=a 1 (t)+p 1 (t)p 2 (t)a 2 (t). 

The high-pass filter 81 produces a low frequency 
component rejected signal r"(t) defined sub- 
stantially by: 

r"(t)-p n (t)p 2 (t)a 2 (t). 

Let the low frequency component rejected signal 
r"(t) be supplied to the transmission line 42 as the 
second SS signal at the destination SS modem. At 
another destination SS modem, the other 



information signal a 2 (t) will be reproduced when 
the SS signal r"(t) arriving thereat is multiplied by 
a product of PN code sequences p 1 (t)p 2 (t). The 
transmission line 42 may be the branch trans- 

5 mission line 43. 

If Z SS signals multiplexed into an SS multiplex 
signal reaches a first destination SS modem 
having the first PN code sequence p^t) as the 
demodulation PN code sequence, where Z repre- 

io sents an integer greater than two, the reception 
SS signal r(t) may be represented by: 

r(t)=p 1 (t)a 1 {t)+p 2 (t)a 2 {t)+ ... 
+p z (t)a z (t)+...+p z (t)a z (t), 

15 

where p z (t) represents a z-th PN code sequence 
and a z (t) a z-th information signal, z being now 
representative of an integer between unity and Z, 
both inclusive. If designated by r,'(t) rather than 
20 by r'(t), the first multiplied signal produced in the 
first destination SS modem is: 

r 1 '(t)=a 1 (t)+d 1 (t). 

25 where d^t) represents a first interference signal 
defined by: 

d 1 (t)=p 1 (t)p 2 (t)a 2 (t)+p 1 (t)p 3 (t)a 3 (t) 
+ ... +Pi(t)p z (t)a 2 (t). 

30 

An SS multiplex signal substantially identical 
with the first interference signal reaches a second 
destination SS modem. The second information 
signal a 2 (t) will be reproduced when the SS 
35 multiplex signal d^t) is multiplied by a product of 
the first and the second PN code sequences 
Pi(t)p 2 (t). The first multiplied signal r 2 ' (t) derived 
in the second destination SS modem is given by: 

40 r 2 '(t)=a 2 (t)+d 2 (t), 

where d 2 (t) represents a second interference 
signal represented by: 

45 d 2 (t)=p 2 (t)p 3 (t)a 3 (t)+p 2 (t)p4(t)a4(t) 
+ ... +p 2 (t)p z (t)a z (t), 

because the square of the first PN code sequence 
is nearly equal to unity. 
so In general, the first multiplied signal r z '(t) 
obtained in a z-th destination SS modem is given 
by: 

r z '(t)=a 2 (t)+d z (t), 

55 

where 

d z (t)=p z (t)p z+1 (t)a z+1 (t)+ ... 
+Pz(t)p z (t)a z (t). 

60 

In order that all information signals a^Wl 
through a z (t) be reproduced with a sufficient SN 
ratio throughout the processes, all PN code 
sequence products, such as p z (t)p z+1 (t), 
65 P z (t)P 2 +2(t)/ • • and p z (t)p z (t), where z now 
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represents an integer between unity and Z— 1), 
both inclusive, should sufficiently be noise 
signals (or, have excellent spectrum spreading 
capabilities). Such a requisite for the Z PN code 
sequences p^t) through p 2 (t) will be called a 
signal separating condition. Availability of Z PN 
code sequences satisfying the signal separating 
condition is verified as follows. 

Le the z-th PN code sequence p z (t) correspond 
to a certain M sequence, which has a frame length 
N and is represented by a z-th N-dimensional 
vector v z having N components (v z>0 , 
V Zi1 , . . ., v Zin , . . v ZjN _.,), each component having 
a value of plus or minus unity. It is possible to 
represent the z-th PN code sequence by: 

oo N-1 
p 2 (t)= Z Z v z>n u(t-nT-mNT), 
m =-oo n =0 

as before. In this manner, Z M sequences 
through v z are allotted to the Z PN code 
sequences. 

If all Z M sequences are generated by clocks 
having a predetermined PN clock rate in 
compliance with a single generating polynomial, 
any two of the Z M sequences are related to each 
other by the cyclic bit shift. The cyclic bit shift 
between two M sequences v z and v y is defined, 
when: 

V z =(V Zj0 , V Zt1 , V^n-t) 

and 

Vy=(VyO/ V y| 1, ...,V yj N-l)» 

by availability of an integer x that satisfies: 

Vz,o = V y>x , 
v z,1~ v y,x+1> 

V z,N-x-1 =V y,N-1r 

VzjN-x—Vy.O/ 
V z ,N-x+l— v y,1/ 

and 

Vz.N-I^Vy.x-l- 

When Z M sequences are thus defined and Z PN 
code sequences accordingly defined, a PN code 
product signal p z (t)p y (t) corresponds to a PN code 
sequence defined by v z ® v y , where the symbol ® 
represents operation of generating a vector 
having n-th component given by a product of n-th 
components v Zin and v y>n of the respective vectors. 
It is already known, when Z M sequences 
through v 2 are generated by clocks having a 
predetermined PN clock rate in compliance with a 
single generating polynomial, that v z ® v y gives 
an M sequence generated by the clocks having 
the predetermined PN clock rate in compliance 
with the same generating polynomial unless 

V 2 =V y . 

The signal separating condition for the Z PN 
code sequences p^t) through p z (t) is as follows 



when differently expressed for the Z M sequences 
v-, through v z . That is, "it is necessary that v z ® 
v 2+ i, v z ® v z+2 , . . ., and v z ® v 2 be different M 
sequences for any value of z between unity and 

s (Z-1), both inclusive.". In other words, all Z M 
sequences through v 2 should be different from 
one another. Such Z M sequences are readily 
available insofar as Z is equal to N or less than N. 
Such Z M sequences will now be assigned, as 

w first through Z-th demodulation M sequences, to 
the first through the Z-th SS modems scattered in 
the order of the serial number along the loops 
transmission line 42. A z-th PN code sequence v z 
is assigned to a z-th SS modem. If the z-th SS 

75 modem sends a z-th information signal a z (t) to a 
y-th SS modem, the modulation PN code 
sequence should be decided in consideration of 
the (z+1)-th through the y-th demodulation PN 
code sequences assigned to the (z+1)-th through 

20 the y-th SS modems. The modulation PN code 
sequence is not the PN code sequence assigned 
to the y-th SS modem but should be selected in 
consideration of the y-th SS modem. 

For example, a first information signal a^t) to 
25 be sent from the first SS modem to the fourth SS 
modem transiting through the second and the 
third SS modems, is modulated by a PN code 
sequence given by a product p 2 (t)p 3 (t)p 4 (t). The 
SS modem signal Pzttjpaftlp^tja^t) is multiplied 
30 by the second PN code sequence p 2 (t) at the 
second SS modem to become p 3 (t)p 4 (t)a 1 (t). At 
the third SS modem, the third PN code sequence 
p 3 (t) is further multiplied to supply an SS signal 
p^tla^t) to the fourth SS modem. The informa- 
35 tions signal a^t) is reproduced at the fourth SS 
modem. No SS signal transits through the fourth 
SS modem. Instead, the fourth SS modem may 
supply the transmission line 42 with a new SS 
signal carrying a fourth information signal a 4 (t). 

40 

In general, let it be assumed that no SS signal 
transits through a z-th SS modem of the first 
through the Z-th SS modems. The SS multiplex 
signal supplied to the (z-1 )th SS modem may be a 
45 multiplex of SS signals carried by (Z-1) modula- 
tion PN code sequences: 

Pz(t), 

Pz(t)p z+ i(t), 

50 Pz(t)Pz + l(t)Pz +2 (t), 
. . ., 

and 

Pz(t)p z+ i(t) ... Pz(t)Pi(t) ... p z - 2 (t). 

55 For such loop SS multiplex communication, the 

differently expressed signal separating condition 
is as follows. Let first through Z-th sets to O z , 
each having (Z-1) vectors as elements, be 
defined by: 

60 

0 1 = {v 1f 

V!®V 2 , 
Vi®V 2 ®V 3 , 
• . ./ 
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n 2 ={v 2 , 

v 2 ®v 3( 

V2®V 3 ®V 4 , 

♦ • •# 

v 2 ®v 3 (g) ... ®v 2 _-,®v z }, 

0 3 ={V 3 , 

v 3 ®v 4 , 

v 3 ®v 4 ® ... ®v 2 ®v 1 } / 



and 

O z ={v z , 
v z ®Vi, 

• »♦/ 

V 2 ®V!® ... ®V Z _ 2 }. 

It is then necessary that all (Z-1) elements in any 
one of the first through the Z-th sets be different 
M sequences. This signal separating condition 
will be called a signal separating condition for 
loop SS multiplex communication or, briefly, a 
loop signal separating condition. 

The fact that there are first through Z-th desired 
M sequences to v z that satisfy the loop signal 
separating condition, is mathematically proven as 
follows. The number Z of SS modems should not 
exceed the frame length N of the M sequences. 

At first, first through (Z-1)-th different M 
sequences v/ to v z ^' are selected. These 
selected M sequences will be used as elements of 
the first set Q v Namely: 

Vi=v/, 
v 1 ®v 2 =v 2 / , 

and 

Vi®V 2 ® ... ®Vz- 1 =V Z - l '. 

It is now possible to define first through {Z-1)-th 
of the Z desired M sequences by: 

Vi=v/ 

v 2 =v 1 ®v 2 / , 

v 3 =v 2 ®v 3 ', 

. . ., 

and 

Vz-i-Vz-^VzV, 

Next and finally, let the (Z-1)-th selected M 
sequence Vz-/ be used as the Z-th desired M 
sequence. Namely: 

Vz=v z -/, 

The Z desired M sequences thus obtained, 
satisfies the loop signal separating condition. This 
is obvious at first because all the elements of the 
first set 0 1 are different M sequences. 

It is also clear that first through (Z— 2)-th 
elements v 2 to 

(v 2 ®v 3 ® ... ® Vz--,) 



of the second set Q 2 are different M sequences. If 
a certain one element (v 2 ® ... ®v z ) of the second 
set were not an M sequence and consequently 
identically equal to unity, an element 

5 (v-,®v 2 ® ... ®v z ) of the first set would be equal to 
the first desired M sequence v v This is contra- 
dictory because the first desired M sequence is 
the first element of the first set. Now the (Z-1)-th 
element of the second set is, in view of the fact in 

to the first set that: 

Vi®V 2 ® ...®V Z -1=V Z , 

it follows that: 

75 

V 2 ® ... ®V Z 

=V1®V Z ®(V 2 ® ... ® V Z -,) 
=V n ®V z ®V z 

=v n . 

20 

This shows that the (Z-1)~th element in the 
second set is an M sequence different from any 
one of the first through the (Z-2)-th elements. If 
not, a certain element (v 2 ® ... ® v z ) of the second 

25 set would be identically equal to the first desired 
M sequence v v In other word, an element 
(Vi®v 2 ® ... ®v z ) of the first set would be 
identically equal to unity and is not an M 
sequence. This is again contradictory. Therefore, 

30 the first through the (Z-l)-th elements of the 
second set are different M sequences. 

It is possible to successively induce that all 
(Z— 1) elements of each of the third through the 
Z-th sets Q 3 to O z are different M sequences. 

35 Turning back to Figs. 1 and 7, let the first PN 
code sequence generators 67's of the first 
through the fourth SS modems 46 to 49 generate 
first through fourth demodulation PN code 
sequences p^t) to p 4 (t) corresponding to the first 

40 through the fourth M sequences Vt to v 4 . Merely 
for brevity of description, let it be assumed that 
the first through the fourth SS modems 46 to 49 
send first through fourth information signals a^t) 
to a 4 (t) to the third SS modem 48, the first SS 

45 modem 46, the fourth SS modem 49, and the 
second SS modem 47, respectively. The second 
PN code sequence generators 91 's of the first 
through the fourth SS modems 46 to 49 should 
generate first through fourth modulation PN code 

so sequences p/(t), p 2 '(t), p 3 '(t) and p 4 '(t), respec- 
tively, in compliance with: 

p/(t)=p 2 (t)p 3 (t), 
p 2 '(t)=p 3 (t)p 4 (t)p n (t), 
55 p 3 '(t)=p 4 (t), 
and 

p 4 , (t)=Pi(t)p 2 (t). 

Under the circumstances, first through fourth 
60 SS signals r^t), r 2 (t), r 3 (t), and r 4 (t) arriving at the 
first through the fourth SS modems 46 to 49 are 
SS multiplex signals given by: 

r-, (t) = p 3 (t) p 4 (t) p 2 ' (t)a 2 (t) + p 4 ' (t)a 4 (t), 
65 r 2 (t) = p! (t)p 4 ' (t)a 4 (t) + p! ' (t)a, (t), 
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r 3 (t) = p 2 (t) p 1 ' (t^ (t) + p 2 ' (t)a 2 (t), 

and 

r 4 (t) = p 3 (t)p 2 ' (t)a 2 (t) + p 3 ' (t)a 3 (t), 

respectively. At the first SS modem 46, the first 
multiplied signal r/(t) is: 

ri'(t)= Pl (t) ri (t) 

=a 2 (t)-f Pl (t)p 4 '(t)a 4 (t), 

because: 

Pi(t)p 3 (t)p 4 (t)p 2 '(t)=1. 

The SS multiplex signal sent to the second SS 
modem 47 is, in fact: 

PiWp/Ma^tJ+p/Wa^t). 

In the ROM 79 (Fig. 5) of the second M sequence 
generator 91 of each SS modem, the addresses 
should be loaded with initial values of the M 
sequences decided as exemplified above. In the 
arrangement depicted in Fig. 1, the ROM 
addresses in the first SS modem 46 are loaded, 
for selection of the SS modems 47, 48, 49, and 50 
as the destination SS modems, respectively, with 
the initial values of M sequences: 

p 2 (t), 

p 2 (t)p 3 (t), 

p 2 (t)p 3 (t)p 4 (t), 

and 

p 2 (t)p 3 (t)p 4 (t)p 5 (t), 

where p 5 (t) represents the M sequence assigned 
to the SS modem 50 for demodulation. 

Turning to Fig. 8, an SS modem according to a 
modification of the SS modem illustrated with 
reference to Fig. 7 comprises similar parts desig- 
nated by like reference numerals. In the combin- 
ing circuit, the order of connection of the high- 
pass filter 81 and the adder 83 is reversed. The 
adder 83 adds the first and the second multiplied 
signals into a sum signal. 

Let the SS modem be receiving an SS signal 
carrying a particular information signal a(t) to be 
received and sending another SS signal in which 
an M sequence p'(t) decided in consideration of a 
destination SS modem and at least one transit SS 
modem, if any, carries a transmission information 
signal a'(t). The first multiplied signal is given by 
[a(t)+d(t)L where d(t) represents an interference 
signal of the wide frequency band. The second 
multiplied signal is represented by a'(t)p'(t), 
which also has the wide frequency band. The 
high-pass filter 81 therefore rejects the informa- 
tion signal component a(t), a low frequency 
interference component of the interference signal 
d(t), and a low frequency component of the 
second multiplied signal a'(t)p'(t). Inasmuch as 
each of the interference signal d(t) and the second 
multiplied signal a'(t)p'(t) has a low spectral 
energy density, the transmission information 
signal a'(t) is little adversely affected in the 



transmission SS signal as is the case with the 
information signal or signals carried in the inter- 
ference signal d(t). 

Among the low frequency components rejected 
by the high-pass filter 81, that of the first 
multiplied signal is most important because the 
same may comprise the information signal 
component a(t) of an appreciable energy while 
the low frequency component of the second 
multiplied signal has a negligible energy. It is 
therefore possible to specify that the high-pass 
filter 81 as rejecting at least the low frequency 
component of the first multiplied signal. 

Referring now to Fig. 9, a transmitter- receiver 
according to a third embodiment of this invention 
comprises a frame synchronizer in the selected 
one of the branch 65 and the tributary 75 (Fig. 4). 
In the illustrated example, the tributary 75 
comprises the second loop transmission line 
section 42(2) and a third loop transmission 
section 42(3) farther from the high-pass filter 81 or 
the adder 83 (Figs. 6 through 8) relative to the 
second section 42(2). The synchronizer is for 
supplying a frame synchronizing signal to the SS 
modems 46 through 49 and the SS modems, such 
as 50, of the SS multiplex communication net- 
work. The second section 42(2) may be long 
enough so that the synchronizer may look like a 
unit coupled to the loop transmission line 42 
separately of the modems, such as 46 through 49, 
coupled thereto. The synchronizer will be 
described, assuming that cyclically bit shifted PN 
code sequences generated by clocks having a 
predetermined PN clock period in compliance 
with a single generating polynomial specifying a 
predetermined frame length N are assigned to the 
respective SS modems of the network, such as 46 
through 50, and that the frame synchronizing 
signal is another PN code sequence generated by 
clocks of the predetermined PN clock period and 
having the predetermined frame length even 
when generated in compliance with a different 
generating polynomial. Such a frame synchroniz- 
ing signal will be referred to as a synchronizing 
PN code sequence. 

Turning temporarily to Fig. 10, an M sequence 
having a frame consisting of fifteen bits 

(+ — + + - + - + -!-+ + ) as depicted at (a) will 

be used as the synchronizing PN code sequence 
supplied by the frame synchronizer to the third 
loop transmission line section 42(3). As described 
before, the initial value given by a bit pattern of 

four leading bits (H •+) uniquely decides the M 

sequence and also defines the beginning of each 
frame. 

Problems relating to circulation of the 
synchronizing PN code sequence through the 
loop transmission line 42 will be described, 
assuming that the loop transmission line 42 is L 
kilometers long. Signals travel through a trans- 
mission line, such as 42, with a delay of about five 
nanoseconds per meter irrespective of the 
material of the transmission line, namely, which- 
ever of a metal coaxial cable and an optical fibre 
may be used as the transmission line. The 
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synchronizing PN code sequence therefore 
returns to the synchronizer with a delay, called a 
loop delay, of about 5LxlO" 6 second after having 
once circulated through the loop transmission 
line 42 as shown in Fig. 10 at (b). Due to the loop 
delay, the returning PN code sequence has a 
frame phase having a frame phase different A<p 
relative to the sent PN code sequence. 

Before start of communication among the SS 
modems of the network, the frame phase 
difference must be rendered equal to zero to 
synchronize the frame of the sent PN code 
sequence to the frame of the returning PN code 
sequence. It is possible to establish the frame 
synchronism by adjusting the PN clock rate of the 
clocks used as shift pulses for the M sequence 
generator shift register 76 (Fig. 5). The adjusted 
PN clock rate should be used also in generating 
the PN code sequences used as the modulation 
and the demodulation carriers in the respective 
SS modems. It is, however, possible to adjust the 
PN clock rate independently of the data clock rate 
or rates, provided that the frame period NT is kept 
so as not to exceed the data clock period T D . The 
data clocks need not be synchronized to the PN 
clocks- 

When the nominal PN clock rate Is f 0 (hertzes), 
the number m of pulses of the synchronizing PN 
code sequence present on the loop transmission 
line 42 is: 

m=f o x5Lx10~ 6 (pulses), 

which number may not necessarily be an integral 
multiple of the frame length N in general. Further- 
more, the number m may vary depending on the 
ambient temperature and as a result of secular 
change of constants of the transmission line 
material. The PN clock rate should therefore be 
adjusted in a range [Afo/f 0 | given by: 

[Afo/f 0 |^[N/2+Am]/m 

=[N/(f 0 L)]x10 5 +Am/m, 

where Am/m represents a rate of variation in the 
number m. When the ambient temperature rises 
and falls 20°C (40°C in total), the rate of variation 
Am/m resulting from the temperature change is 
about 200 ppm for a metallic transmission line 
and about 4 ppm when the transmission line is a 
silica optical fiber. The range |Af Q /f 0 ] is about 0.013 
when the nominal PN clock rate is 200 MHz and 
the frame length N, one hundred and twenty- 
seven bits long. This is a range in which the 
oscillation frequency of a usual voltage controlled 
oscillator is variable. In other words, it is possible 
to use a voltage controlled oscillator as the 
generator for the PN clocks. 

Referring back to Fig. 9, the frame synchronizer 
comprises a first voltage controlled oscillator 95 
for supplying PN clocks to a first M sequence 
generator 96 of the type illustrated with reference 
to Fig. 5. The voltage controlled oscillator 95 and 
the M sequence generator 96 serve as a controll- 
able or synchronizing PN code sequence 



generator for generating a synchronizing M 
sequence with a controllable frame phase. An 
adder 99, to be described later, supplies the 
synchronizing M sequence to the third loop 
5 transmission line section 42(3). Having once 
circulated through the transmission line 42, the 
synchronizing M sequence returns to the syn- 
chronizer through the second loop transmission 
line section 42(2). As will become clear later, a 

w first switch 101 is kept open during establishment 
of the frame synchronism. The returning M 
sequence is therefore supplied only to a delay 
synchronizer 102, which is a delay lock loop 
(usually abbreviated to DLL) as called in the art. 

75 Referring to Fig. 11 afresh and to Fig. 10 again, 
the delay synchronizer 102 comprises a second 
voltage controlled oscillator 105 and a second M 
sequence generator 106 for generating a 
provisional or preparatory M sequence. As. 

20 depicted in Fig. 10 at (c), the provisional M 
sequence has a bit pattern identical with the 
synchronizing M sequence and a frame delay x 
relative to the returning M sequence illustrated in 
Fig. 10 at (b). The returning M sequence is 

2 5 supplied to a first multiplier 1 1 1 and multiplied by 
the provisional M sequence. The returning M 
sequence is supplied also to a second multiplier 
112 and is multiplied by a delayed provisional M 
sequence given a delay of one PN clock period T 

30 by a first delay circuit 1 13 as depicted in Fig. 10 at 
(d). The first and the second multipliers 111 and 
112 produce first and second product signals 
illustrated in Fig. 10 at (e) and (f) with the 
abscissae scaled by the frame phase delay t. A 

35 subtractor 114 subtracts the first product signal 
from the second product signal to produce a 
difference signal. A loop filter 115 is for smooth- 
ing the difference signal to produce a control 
voltage, depicted in Fig. 10 at (g), for the second 

40 voltage controlled oscillator 105. In the illustrated 
example, the control is to raise and lower the 
oscillation frequency of the voltage controlled 
oscillator 105 when the control voltage is positive 
and negative, respectively. The delay syn- 

45 chronizer 102 reaches a stationary state when the 
frame phase delay t becomes equal to -T/2. A 
second delay circuit 116 is for giving the 
provisional M sequence a delay of a half PN clock 
period T/2. The delay synchronizer 102 therefore 

50 generates a local M sequence in complete frame 
synchronism with the returning M sequence 
illustrated in Fig. 10 at (b). 

In fig. 9 the local M sequence is delivered to a 
second switch 117 left open during establishment 

55 of the frame synchronism. A synchronism 
monitor 118 is connected to the delay syn- 
chronizer 102 to monitor whether or not the local 
M sequence is in frame synchronism with the 
returning M sequence as will shortly be 

60 described. The synchronism monitor 118 
produces a switching signal with a first and a 
second value when the local M sequence is in and 
out of frame synchronism with the returning M 
sequence, respectively. When the switching 

55 signal has the first and the second values, each of 
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the first and the second switches 101 and 117 is 
closed and open, respectively. 

Turning to Fig. 12 and referring to Fig. 10 once 
again, the synchronism monitor 118 is supplied 
with the first and the second product signals from 
the delay synchronizer 102 through monitor 
terminals 121 and 122 (also in Fig. 11). An adder 
123 is for adding the first and the second product 
signals to produce a sum signal, which is 
smoothed by a low-pass filter 125 for producing a 
monitor signal depicted in Fig. 10 at (h). A 
comparator 126 is for comparing the monitor 
signal with a reference signal supplied to a 
reference input terminal 127 and having a 
reference level illustrated in Fig. 10 at (h) by a 
horizontal dashed line. The comparator 126 
produces the switching signal. 

Again in Fig. 9, the first M sequence generator 
96 and the delay synchronizer 102 are accom- 
panied by first and second frame detectors 131 
and 132. As will later be described, each frame 
detector 131 or 132 is connected to the parallel 
signal output leads of the M sequence generator 
shift register 76 (Fig. 5) to detect the contents of 
the respective shift register stages. When the 
synchronizing M sequence has a frame consisting 
of fifteen bits of a bit pattern exemplified above, 
the frame beginning Is an instant at which the 
contents of the first through the fourth (last) shift 

register stage becomes (H +). The first and the 

second frame detectors 131 and 132 produce first 
and second frame position signals illustrated in 
Fig. 10 at (i) and (j). Responsive to the first and the 
second frame position signals, a frame phase 
comparator 133 produces a frame phase 
difference signal representative of the frame 
phase difference A<p. After smoothed by a loop 
filter 135, the phase difference signal controls the 
first voltage controlled oscillator 95. The control is 
to raise and lower the PN clock rate of the voltage 
controlled oscillator 95 when the controllable 
frame phase of the sent synchronizing M 
sequence lags behind and leads a delayed frame 
phase of the returning M sequence, respectively. 
A stationary state will be reached when the frame 
synchronism is established. At this instant, the 
local M sequence is also in frame synchronism 
with the returning M sequence as well as with the 
sent M sequence. 

The delay synchronizer 102 serves in effect to 
supply the returning M sequence to the frame 
phase comparator 133. The phase comparator 
133, in turn, serves to compare the controllable 
frame phase with the delayed frame phase to 
produce the phase difference signal. 

When the synchronizing M sequence sent to the 
third loop transmission line section 42(3) is 
denoted by p s (t), the returning M sequence is 
expressed by p s (t-At), where At represents the 
loop delay and corresponds to the frame phase 
different A<p. The frame synchronism is 
established when the loop delay At becomes 
equal to an integral multiple of the frame period 
NT by adjustment of the PN clock period T. If the 
frame synchronism is put into disorder during 



operation of the SS multiplex communication 
network, the delayed frame phase varies relative 
to the frame phase of the local M sequence. The 
synchronism monitor 118 gives the second value 
to the switching signal. Responsive to the switch- 
ing signal of the second value, the first and the 
second switches 101 and 117 are rendered open. 
In due course, the local M sequence is made to 
follow the variation. The frame phase comparator 
133 again controls the first voltage controlled 
oscillator 95 through the loop filter 135 to recover 
the frame synchronism. 

As soon as the frame synchronism is either 
established or recovered, the first switch 101 is 
closed to supply the returning M sequence to a 
first-stage multiplier 136 together with an input 
SS (multiplex) signal, if any. In the illustrated 
example, input SS signal is the second SS signal 
supplied to the second loop transmission line 
section 42(2) by an SS modem accompanied by 
the frame synchronizer. When the frame syn- 
chronizer is interposed in the first loop trans- 
mission line section 42(1), the input SS signal is 
the first SS signal. The second switch 117 is 
concurrently closed to deliver the local M 
sequence to the first-stage multiplier 136 and also 
to a second-stage multiplier 137. It is now 
possible to designate the returning M sequence 
by p s (t). The first-stage multiplier 136 produces a 
first-stage product signal given by: 

p s 2 (t)+p s (t)p(t)a(t), 

where p(t)a(t) represents the input SS signal. In 
the first-stage product signal, p s 2 (t) is nearly equal 
to unity and is a d.c. component. A bypass filter 
138 is for rejecting the d.c. component to supply 
an SS (multiplex) component p s (t)p(t)a(t) con- 
tained in the first-stage product signal to the 
second-stage multiplier 137. The second-stage 
multiplier 137 produces a second-stage product 
signal consisting of a substantial reproduction of 
the input SS signal p(t)a(t). Supplied with the 
second-stage product signal, the adder 99 
supplies the third loop transmission section 42(3) 
with a multiplex of the sent M sequence p s (t) and 
the substantial reproduction of the input SS 
signal p(t)a(t). 

Turning to Fig. 13, a frame detector 131 or 132 
may comprise first through fourth comparators 
141, 142, 143, and 144, each of which may be an 
Exclusive NOR gate having a first and a second 
input terminal and an output terminal. The 
contents of the first through the fourth (last) 
stages of the M sequence generator shift register 
76 (Fig. 5) are supplied to the first input terminals 
of the respective comparators 141 to 144 through 
the parallel signal output leads of the shift register 
76. Bits of a reference pattern representative of 
the particular bit pattern defining the initial value 
and consequently the frame beginning are 
supplied to the second input terminals of the 
respective comparators 141 through 144 from a 
code or pattern generator 145. Output signals of 
the comparators 141 through 144 are supplied to 
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an AND gate 146, which produces a logic "1" 
signal as the frame position signal depicted in Fig. 
10 at (i) or (j). 

Referring now to Fig. 14, an SS modem accord- 
ing to a fourth embodiment of this invention is 
connected to the first and the second loop 
transmission line sections 42(1) and 42(2) and is 
operable in a selected one of a communicating 
mode of communicating with a preselected SS 
modem of the SS multiplex communication 
network, a monitoring or carrier sensing mode of 
sensing whether or not the preselected SS 
modem is already busy, namely, in the 
communicating mode, a broadcast transmitting 
mode of transmitting a transmission information 
signal to other SS modems having a broadcast 
receiving facility, and a broadcast receiving mode 
of receiving a broadcast SS signal from another 
SS modem. In the communicating mode, the SS 
modem sends a transmission information signal 
to the preselected SS modem and receives a 
particular information signal therefrom. The 
illustrated SS modem is of the type illustrated 
with reference to Fig. 6 and is operable with 
cyclically bit shifted PN code sequences 
generated by clocks having a predetermined PN 
clock rate in compliance with a single generating 
polynomial. Different ones of the cyclically bit 
shifted PN code sequences are assigned to the 
respective SS modems as demodulation PN code 
sequences. 

One of such PN code sequences is assigned to 
all SS modems as a common PN code sequence 
for carrying a broadcast information signal. The 
PN code sequence assigned in common to all SS 
modems may be a PN code sequence generated 
by clocks having the predetermined PN clock rate 
in compliance with a different generating poly- 
nomial. It is, however, preferred that the common 
PN code sequence be generated also in 
compliance with the single generating poly-* 
nomial. This is because of the simplicity of the PN 
code sequence generators to be used in the SS 
modem. At any rate, it is necessary that the 
network is capable of transmitting a frame 
synchronizing signal to the SS modems. The 
frane synchronizing signal may be provided (1) by 
a synchronizing PN code sequence as described 
in conjunction with Fig. 9. (2) by frame 
synchronizing pulses transmitted as will later be 
described, or (3) by a frame synchronizing signal 
transmitted throught a specific signal trans- 
mission line separate from the transmission line 
41. It will be assumed in the following that the 
scheme (1) is resorted to. Incidentally, the SS 
modem is normally operable in the broadcast 
receiving mode. 

The SS modem comprises similar parts 
designated by like reference numerals. The 
branch 65 comprises first through third sub- 
branches 65(1), 65(2), and 65(3). The third sub- 
branch 65(3) is novel. The first subbranch 65(1) is 
connected to the first multiplier 66. Responsive to 
the synchronizing PN code sequence supplied 
through the second subbranch 65(2) together 



with the first SS signal, a synchronizing signal 
regenerator 147 regenerates the synchronizing 
PN code sequence and recovers the PN clocks for 
use as the frame synchronizing signal and the PN 
5 clocks. The synchronizing signal regenerator 147 
may comprise a DLL, illustrated with reference to 
Fig. 11, and delivers the regenerated syn- 
chronizing signal and the PN clocks to the first 
and the second PN code sequence generators 67 
to and 71 through a pair of signal leads. 

By using the PN clocks and the regenerated 
synchronizing signal, the first PN code sequence 
generator 67 generates the first PN code 
sequence unless the SS modem is in the broad- 
15 casting mode as will presently become clear. The 
first PN code sequence is, as described before, the 
PN code sequence assigned to the SS modem as 
the demodulation PN code sequence for an SS 
signal component in which the first PN code 

20 sequence carries a particular information signal. 
The second PN code sequence generator 71 
normally generates the common PN code 
sequence. Only on initiating a call to a destination 
SS modem and during the communicating mode, 

25 the second PN code sequence generator 71 
generates the second PN code sequence assigned 
to the destination SS modem. The ROM 79 (Fig. 5) 
has an additional address for normally producing 
an initial value for the common PN code 

30 sequence. 

A control circuit 149 is for producing a control 
signal normally given a first value for use in the 
broadcast receiving mode and in the monitoring 
mode. A second value is given to the control 

3 5 signal only in the broadcast transmitting and the 
communicating modes. The control circuit 149 
may be a microprocessor and will later be 
described again. Responsive to the control signal 
of the first value, a first switch 151 connects the 

40 second multiplier 72 to the third subbranch 65(3). 
The first SS signal is delivered to the second 
multiplier 72 as an input signal. Only when the 
control signal takes the second value, the first 
switch connects the second multiplier 72 to the 

4 5 information input terminal 61. The transmission 
information signal is delivered to the second 
multiplier 72 as the input signal. 

Supplied with the control signal of the first 
value, a second switch 152 connects the second 

50 multiplier 72 to a low-pass filter 153 having a 
cutoff frequency at the upper frequency edgef D of 
the narrow frequency band. Only when the 
control signal is given the second value, the 
second switch 152 connects the second multiplier 

55 72 to the adder 83. In order to discriminate from 
the low-pass filter 68 described heretobefore, the 
low-pass filter 153 will be called a first low-pass 
filter and the low-pass filter 68m a second low- 
pass filter. 

60 For convenience of further description, the 
adder 83 will be said to add the third multiplied 
signal and an addend signal into the transmission 
SS signal. When the control signal has the first 
value, the adder 83 is supplied with no signal as 

65 the addend signal. In this event, the adder 83 
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delivers the third multiplied signal alone to the 
second loop transmission line section 42(2) as the 
transmission SS signal. When the control signal 
has the second value, the second multiplied 
signal is supplied to the adder 83 as the addend 
signal. 

In the broadcast receiving mode, the third 
multiplier 82 substantially regenerates the recep- 
tion SS signal supplied to the first multiplier 66. 
The adder 83 sends the regenerated SS signal to 
the second section 42(2). The broadcast informa- 
tion signal originating with a certain SS modem is 
reproduced through the second multiplier 72 and 
the first low-pass filter 153 and then supplied to a 
selector or multiplexer 1 54. Responsive to the low 
frequency signal supplied from the first low-pass 
filter 153 with an appreciable amplitude, the 
control circuit 149 produces a selection signal 
with a first level to make the selector 154 deliver 
the low frequency signal, which is now the 
broadcast information signal, to the discrimina- 
tion circuit 69. The control circuit 149 may 
normally give the selection signal a second level 
of making the selector 154 connect the second 
low-pass filter 68 to the discrimination circuit 69. 

On initiating communication with a destination 
SS modem, it is desirabie to preliminarily confirm 
that the destination SS modem is idle. If not, the 
reception SS signal would comprise an SS signal 
in which the PN code sequence assigned to the 
destination SS modem carries an information 
signal. In the monitoring mode, the control signal 
is left at the first value. Responsive to the address 
signal specifying the destination SS modem, the 
second PN code sequence generator 71 generates 
the second PN code sequence assigned to the 
destination SS modem. According as the second 
PN code sequence is present and absent in the 
reception SS signal, the first low-pass filter 153 
produces a low frequency signal of an 
appreciable and a negligible level, respectively. 

Responsive to the low frequency signal 
produced by the first low-pass filter 153 with an 
appreciable level, the control circuit 149 switches 
the selection signal from the second level to the 
first level. The low frequency signal, passing 
through the selector 154 and the discrimination 
circuit 69, may give an indication of incapability of 
communicating with the destination SS modem. 
The control circuit 149 may furthermore produce 
a monitor output signal indicative of the in- 
capability through a signal output lead (not 
shown). 

When the destination SS modem is idle, the 
selection signal is kept at the second level. The 
discrimination circuit 69 may produce a signal 
indicative of capability of communicating with the 
destination SS modem. Alternatively, the monitor 
output signal may be used to indicate the cap- 
ability. 

On entering the communication mode the 
control circuit 149 is manually or otherwise dealt 
with so that the control signal may be switched 
from the first value to the second value. The 



circuitry is rendered similar to that illustrated with 
reference to Fig. 6. 

On initiating broadcast transmission, the fact 
that none of other SS modems is broadcasting is 
readily known by the output of the first low-pass 
filter 153 even without the carrier sense for the 
common PN code sequence. The control circuit 
149 is made to switch the control signal from the 
first value to the second value. The selection 
signal may be left at the second level. The second 
PN code sequence generator 71 is kept at the state 
of generating the common PN code sequence. It 
is now possible to begin broadcast transmission 
to other SS modems. 

Throughout the broadcast transmitting mode, 
the first PN code sequence generator 67 is made 
to generate the common PN code sequence. This 
is for preventing the transmission information 
signal broadcast from the illustrated SS modem 
from being repeatedly received by other SS 
modems. Such a first PN code generator 67 is 
readily implemented by adding another code or 
pattern generator thereto besides that described 
in connection with Fig. 5. 

Referring now to Fig. 15, an SS modem accord- 
ing to a fifth embodiment of this invention is of 
the type illustrated with reference to Fig. 6. The 
SS modem is for use in an SS multiplex 
communication network to which the wide fre- 
quency band B or [0, f 0 ] is allotted and in which SS 
multiplex communication is carried out with the 
wide frequency band divided into first through 
l-th partial frequency bands B{i)'s having a sub- 
stantially common bandwidth b, where I 
represents an integer greater than unity and /, an 
integer between unity and I, both inclusive. The 
i-th partial frequency band B(i) has an i-th lower 
frequency edge f,. The first lower frequency edge 
f, is a substantially zero frequency. As will 
become clear as the description proceeds, the 
lower frequency edges f,'s are preferably selected 
so that the partial frequency bands may not 
substantially overlap one another. If desired, the 
i-th partial frequency band B(i) may be repre- 
sented by [fj, fj+b]. 

The network is a novel SS multiplex 
communication network, which may be called a 
band division SS multiplex communication 
network. The reception SS signal r(t) described 
heretobefore would no longer be similar to the 
transmission SS signal s(t). The SD ratio will 
therefore be analysed in the following. The results 
of analysis have been confirmed by computer 
simulation studies. In the band division SS 
multiplex communication network, the cyclically 
bit shifted M sequences generated in compliance 
with a single generating polynomial are preferred 
for use as the PN code sequences in carrying 
information signals. 

Turning to Fig. 16, the reciprocal of the SD ratio 
namely, D^VS*, of a single SS channel was 
calculated for various partial frequency bands 
B(i)'s. For convenience of analysis, the lower 
frequency edge f t of each partial frequency band 
and the common partial bandwidth b will be 
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normalized by the PN clock rate f 0 of the M 
sequences. The abscissa is scaled by the 
normalized lower frequency edge fyf 0 . The 
reciprocal of the SD ratio is plotted in decibel with 
the normalized partial bandwidth b/f 0 used as a 
parameter. Curves show the reciprocals for 
typical normalized partial bandwidths of 0.5, 0.25, 
and 0.125 as labelled, namely, for common partial 
bandwidths equal to a half, a quarter, and an 
eighth of the entire bandwidth B/2, B/4, and B/8. 

As seen from Fig. 16, the reciprocal of the SD 
ratio and consequently the SD ratio is almost 
independent of the lower frequency edge f r and 
dependent only on the partial bandwidth b. It is 
therefore possible to divide the whole wide 
frequency band B into a plurality of partial 
frequency bands B(i)'s with the common partial 
bandwidth selected in consideration of an allow- 
able SD ratio. The "substantially common" partial 
bandwidth may also vary according to the allow- 
able SD ratio. With SS modems of the network 
classified into a plurality of groups as will 
presently be described, such partial frequency 
bands are allotted to the respective groups. 
Different ones of the M sequences are assigned to 
the SS modems in each group, respectively. 

Referring back to Fig. 15, the SS modem 
comprises similar parts designated by like 
reference numerals and is coupled to the first and 
the second loop transmission line sections 42(1) 
and 42(2). The SS modem belongs to a group 
allotted with a particular partial frequency band is 
assigned with a particular M sequence. The whole 
wide frequency band except for the particular 
partial frequency band will collectively be called a 
remaining partial frequency band. An SS 
multiplex signal will be considered as the first SS 
signal described hereinabove. The first SS signal 
comprises a particular and a remaining SS (multi- 
plex signal) component in the particular and the 
remaining partial frequency bands, respectively. 
The particular SS component comprises a specific 
SS (signal) component in which the particular M 
sequence carries a particular information signal 
to be received at the SS modem. The particular 
SS component further comprises an interference 
signal as called hereinabove. 

The SS modem comprises an input filter 161 in 
the branch 65 leading from the first loop trans- 
mission line section 42(1) to the first multiplier 66. 
The input filter 161 has a passband at the 
particular partial frequency band. Responsive to 
the first SS signal, the input filter 161 extracts the 
particular SS component to produce the same as 
the reception SS signal. The reception SS signal is 
supplied to the first multiplier 66 as before. 

For transmission of a transmission information 
signal to a destination SS modem assigned with a 
preselected M sequence in a specific group 
allotted with a preselected partial frequency band, 
the SS modem comprises first through l-th output 
filters 162(i)'s having passbands at the first 
through the I-th partial frequency bands B(i)'s, 
respectively. Responsive to the second multiplied 
signal which is already an SS signal, the output 



filters 162(i)'s produce partial band SS signals in 
the first through the l-th partial frequency bands, 
respectively. Supplied with the address signal 
from the address input terminal 62 through a 
5 connection not shown, a selector 163 selects one 
of the partial band SS signals as a specific partial 
band SS signal that is in the preselected partial 
frequency band. The specific partial band SS 
signal is delivered to the adder 83. The selector 

w 163 may be interposed between the second 
multiplier 72 and the output filters 162(i)'s. The 
illustrated arrangement is preferred because of 
the bandwidth to be dealt with. It is possible to 
understand that the output filters 162(i)'s and the 

15 selector 163 are included in the combining circuit. 
The third multiplier 82 substantially regenerates 
the interference signal as before. 

The combining circuit further comprises a 
transit filter 164 for rejecting the particular SS 

20 component from the first SS signal to produce the 
remaining SS component as a particular SS 
component rejected signal. Supplied with the 
remaining SS component, the adder 83 serves as 
a composing circuit for supplying the second loop 

25 transmission line section 42(2) with the second 
SS signal in which the low frequency component 
is rejected from the first multiplied signal. 

The SS modem illustrated with reference to Fig. 
15 may comprise only one output filter having a 

30 passband at the particular partial frequency band. 
In this event, the SS modem is capable of 
communicating with those of the SS modems of 
the network which are accommodated by only 
one group allotted with the particular partial 

35 frequency band. 

The SS modem may comprise the circuitry 
illustrated with reference to any one of Figs. 4, 7, 
and 8 rather than that illustrated with reference to 
Fig. 6. When the circuitry of Fig. 4 is used, either 

40 the single output filter or a combination of the 
output filters 162(i)'s and the selector 163 should 
be placed in the tributary 75. It may be mentioned 
here that an adder should be used at a point of 
junction of the tributary 75 and the up trans- 

45 mission line 43(1). The adder, such as 83, 99, or 
123, used throughout the SS modems may either 
be a differential amplifier or a resistance adder. 
The adder 83 used in the circuitry of Fig. 15 may 
readily be implemented by a resistance adder 

50 having three tributaries connected to the third 
multiplier 82, the selector 1 63, and the transit filter 
164. 

Use of the circuitry illustrated with reference to 
Fig. 7 will now be self-evident. When the circuitry 

55 of Fig. 8 is used, either the single output filter or a 
combination of the output filters 162(i)'s and the 
selector 163 should be placed between the 
second multiplier 72 and the adder 83. The output 
signals of the high-pass filter 81 and the transit 

go filter 164 are composed into the transmission SS 
signal by another adder (not shown). 

Referring to Fig. 17, an SS modem of the type 
illustrated with, reference to Fig. 15 is specifically 
preferred for use in an SS multiplex communica- 

65 tion network for concentrating transmission 
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information signals originating with a plurality of 
information sources into an SS multiplex signal 
and for distributing an SS multiplex signal into 
reception information signals for a plurality of 
information sinks. Merely for simplicity of 
description, it will be assumed that the informa- 
tion sources are coupled to the transmission line 
43 through the first through l-th SS multiplex 
modulators 166(i)'s and the information sinks, 
through first through l-th SS demodulators 
167(i)'s. 

The information sources are divided into first 
through l-th groups of sources Sc(i, j)'s, each 
consisting of first through J-th sources, where J 
represents an integer greater than unity and /, an 
integer between unity and J, both inclusive. The 
i-th group of information sources Sc(i, j)'s are 
accommodated by the i-th SS multiplex 
modulator 166(i). The information sinks are 
classified into first through l-th groups of sinks 
Sk(i, j)'s, each consisting of first through j-th sinks. 
The i-th group of information sinks Sk(i, j)'s are 
accommodated by the i-th SS multiplex de- 
modulator 167(i). The first through the l-th partial 
frequency bands B(i)'s are allotted to the 
respective sets of SS multiplex modulators and 
demodulators 166(i)'s and 167(i)'s. A j-th one of 
the M sequences pj(t) is assigned to the j-th 
information sink Sk(i, j) of each group. 
Communication is carried out from a certain one 
of the information sources of the i-th group Sc{i, 
j)'s to the j-th information sink of the i-th group 
Sk(i, j) by using the j-th M sequence as the 
modulation carrier. The information sources and 
sinks are, in practice, subscribers. The number J 
of subscribers in each group should not exceed 
the frame length N of the M sequences. 

The i-th SS multiplex' modulator 166(i) is 
accompanied by an i-th synchronizing signal 
generator 171 (i) for generating an i-th frame 
synchronizing signal and an i-th synchronizing M 
sequence of the type described in conjunction 
with Fig. 9 and having the same frame phase. The 
i-th SS multiplex modulator 166(i) comprises first 
through J-th modulation M sequence generators 
(not shown), each corresponding to the second M 
sequence generator 7T described in connection 
with Fig. 4 or 6. Controlled by the i-th frame 
synchronizing signal, the first through the J-th 
modulation M sequence generators generate first 
through J-th modulation M sequences p^t) to 
Pj(t) in the manner described in connection with 
Fig. 14. The i-th SS multiplex modulator 166(i) 
further comprises first through J-th SS 
modulators (not shown), each corresponding to 
the second multiplier 72. The j-th SS modulator 
modulates a pertinent one of the M sequences by 
a j-th transmission information signal a^t] 
originating with the j-th subscriber Sc(i, j) of the 
i-th group and produces a j-th transmission SS 
signal. An adder (not shown) in the i-th SS 
multiplex modulator 166(i) sums up the first 
through the J-th transmission SS signals into an 
i-th SS multiplex signal s(t). An i-th adder 172(i) 
adds the i-th SS multiplex signal and the i-th 



synchronizing M sequence into an i-th trans- 
mission multiplex having the frequency 
components in the wide frequency band B. 

An i-th output filter 173(i) having a passband at 
the i-th partial frequency band B(i) is for restrict- 
ing the frequency band of the i-th transmission 
multiplex to the i-th partial frequency and 
produces an i-th partial band transmission 
multiplex. The i-th transmission SS multiplex 
signal s(t) is included in the i-th partial band 
transmission multiplex as an i-th partial band 
transmission SS multiplex signal. The i-th 
synchronizing M sequence is comprised as an i-th 
partial band synchronizing M sequence. A 
totalizer 175 is for totalizing the first through the 
l-th partial band transmission multiplexes having 
frequency bands B(1) through B(l), respectively, 
into a single transmission multiplex, which is 
delivered to the transmission line 43. As will later 
be described again, the totalizer 175 may be a 
plurality of adders for summing up the partial 
band transmission multiplexes produced by the 
output filters 173(i)'s scattered along the trans- 
mission line 43. The first through the l-th syn- 
chronizing M sequences may have a generating 
polynomial in common. 

A single reception multiplex obtained at the 
receiving end of the transmission line 43 is 
supplied to first through l-th input filters 176(i) r s 
having passbands at the first through the l-th 
partial frequency bands B(i)'s, respectively. The 
single reception multiplex is distributed into first 
through l-th partial band reception multiplexes 
having frequency bands in the first through the 
l-th partial frequency bands B(1) to B(l), respec- 
tively. The \-th partial band reception multiplex 
comprises an i-th partial band reception SS 
multiplex signal and an i-th partial band syn- 
chronizing M sequence. The i-th partial band 
reception SS multiplex signal is a substantial 
reproduction of the i-th partial band transmission 
SS multiplex signal and will be denoted by s'(t). 
The i-th partial band synchronizing M sequence is 
a substantial reproduction of the i-th synchroniz- 
ing M sequence with the frequency band 
restricted to the i-th partial frequency band B(i). 
The i-th partial band reception multiplex is 
delivered to the i-th SS multiplex demodulator 
167(i). 

An i-th synchronizing signal regenerator 177(i), 
similar to the synchronizing signal regenerator 
147 described in connection with Fig. 14, 
accompanies the i-th SS multiplex demodulator 
167(i). Responsive to the i-th partial band recep- 
tion multiplex, the i-th synchronizing signal 
generator 177(i) regenerates the i-th syn- 
chronizing M sequence of the wide frequency 
band B. The i-th SS multiplex demodulator 167(i) 
comprises first through J-th demodulation M 
sequence generators, first through J-th correla- 
tion detectors, first through J-th low-pass filters, 
and first through J-th discrimination circuits (not 
shown) like the SS modem illustrated with 
reference to Fig. 4 or 6 which comprises the first 
M sequence generators 67, the first multiplier 66, 
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the low-pass filter 68, and the discrimination 
circuit 69. As described in conjunction with Fig. 
14, the j-th demodulation M sequence generator 
generates the j-th M sequence pj(t) of the wide 
frequency band. The j-th correlation detector 
produces a j-th correlation output signal. The j-th 
low-pass filter extracts a low frequency signal, 
which will now be designated by r } {t), of the j-th 
correlation output signal. The j-th discrimination 
circuit supplies the j-th subscriber of the i-th 
group Sk(i, j) with a reproduction of a particular 
information signal carried by the j-th M sequence 
Pj(t). 

Turning to Fig. 18, the single multiplex trans- 
mitted through the transmission line 43 has 
frequency components in the whole wide fre- 
quency band B or [0, f 0 ]. The i-th partial band SS 
multiplex signal has the frequency components in 
the i-th partial frequency band B(i). The i-th partial 
band synchronizing M sequence has frequency 
components also in the i-th partial frequency 
band B(i) as indicated by short upright lines. 

Referring back to Fig. 17, it will be presumed 
merely for simplicity of denotation that one and 
others of the first through the J-th subscribers of 
the i-th group Sc(i, j)'s are sending first through 
J-th transmission information signals aj(t)'s to the 
first through the J-th subscribers of the i-th group 
Sk(i, j)'s, respectively, through the i-th SS 
multiplex modulator 166(i) and the i-th SS 
multiplex demodulator 167(i). The i-th trans- 
mission SS multiplex signal s(t) is given by: 

J 

s(t)= Z pjrtJajrt). 
j=1 

When an i-th partial band transmission channel 
between the i-th output filter 173(i) and the i-th 
input filter 176(i) has a transfer function H(co) of an 
impulse response h(t), the i-th partial band recep- 
tion SS multiplex signal s'(t) is given by 

J 

s'(t)= X [pjWajtt^hMdt, 
j=1 

where the symbol * represents the convolution 
integration. 

The j-th demodulation M sequence generator 
generates the j-th demodulation M sequence pj(t). 
As described with reference to Fig. 4, the correla- 
tion output signal produced by the j-th correlation 
detector comprises an information signal 
component of an appreciable amplitude and an 
interference signal of a low spectral energy 
density. The low frequency signal rj(t) produced 
by the j-th low-pass filter is represented by: 

r j (t)=Jg T p i (t)s'(t)dt, 

and comprises the information signal component 
and a low frequency interference component of a 
negligible energy. The j-th discrimination circuit 
samples the low frequency signal at a sampling 



period equal to the frame period NT to produce a 
j-th sequence of samples which comprise a 
reproduction of the j-th transmission information 
signal as a desired signal and a sequence of 

5 samples of the low frequency interference 
component. As pointed out in conjunction with 
Fig. 4, an intercode interference component is 
superposed on the desired signal. 
When the data clock period T D is not equal to 

10 the frame period NT the reset or dump integrator 
used as the low-pass filter should be reset at an 
interval equal to the data clock period T D . The 
sampling period should be equal also to the data 
clock period T D . 

15 Referring to Fig. 19, the desired signal will be 
designated by S as before and the intercode and 
the interchannel interference components, by 
and D 2 . In the SD ratio, the main square TP will be 
defined by: 

20 

On investigating the SD ratio, let cyclically bit 
shifted M sequences generated in compliance 

25 with a single generating polynomial for a frame 
length of one hundred and twenty-seven bits be 
assigned to one hundred and twenty-seven sub- 
scribers, respectively. The reciprocal of the SD 
ratio is again plotted versus the normalized lower 

30 frequency edge f,/f 0 for the normalized partial 
bandwidths b/f 0 of 0.125 and 0.25. 

As seen from Fig. 19, the SD ratio is again 
almost independent of the lower frequency edge 
f, unless the lower frequency edge is at or near the 

35 center of the whole wide frequency band B. 
Except for a center portion of the entire frequency 
band B, the SD ratio depends on the partial 
bandwidth 6. When the wide frequency band B is 
divided into four, a band division SS multiplex 

40 communication network can accommodate five 
hundred and eight subscribers dealing with 
speech signals of an average call rate of 0.1 and 
an average activity of 0.25, when the SD ratio of 
as high as 16 dB is achieved. 

45 Turning to Fig. 20, each partial frequency band 
B(i) has a center frequency at (fj-i-b/2). When 
normalized by the PN clock rate f 0 , the center 
frequency, or a normalized center frequency, is 
given by (fi+b/2)f 0 . On calculating the SD ratio, 

so the above-specified M sequences are again 
assigned to one hundred and twenty-seven sub- 
scribers, respectively. The SD ratio is plotted 
versus the normalized center frequency for the 
normalized partial bandwidths of 0.125, 0.25, 

55 0.375, and 0.5 with the subscribers assumed to 
deal with speech signals of an average ceil rate of 
0.05 and an average activity of 0.4. It is obvious 
from the plots that a normalized partial band- 
width of about 0.2 is sufficient in attaining an SD 

60 ratio of 13 dB under the circumstances. In view of 
the degradation in the SD ratio at and near the 
center frequency of the entire frequency band B, it 
is most preferred to divide the wide frequency 
band B into four partial frequency bands B(1) to 

65 B(4). 
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Turning further to Fig. 21, an SS multiplex 
communication network is strong against over- 
load. More specifically, the SD ratio does not 
objectionably degenerate as exemplified by a 
curve even when a call rate A appreciably 
increases. The curve is plotted for speech signals 
of an average activity of 0.4. 

Referring to Fig. 22, a band division SS 
multiplex communication network comprises first 
through l-th transmitting stations 1 81 (i)'s allotted 
with the first through the l-th partial frequency 
bands B{\)'s r respectively, and scattered along an 
up transmission line 43(1), which may be called a 
highway. The i-th transmitting station 181 (i) 
comprises an i-th SS multiplex modulator 166(i) 
for first through J-th subscribers or information 
sources Sc(i, j)'s an i-th synchronizing signal 
generator 171(0, an i-th adder 172(i), and an i-th 
output filter 173(i) having a passband at the i-th 
partial frequency band B(i). The i-th partial band 
transmission multiplex produced by the i-th 
output filter 173(i) as described in conjunction 
with Fig. 17 is supplied to the highway 43(1) 
through an i-th coupler 182(i), which may be an 
adder in practice. Successively multiplexed at the 
I-th through the first couplers 182(i)'s into a single 
transmission multiplex, the first through the I-th 
partial band transmission multiplexes are 
delivered to a central receiving station 183, which 
is connected to the downstream end of the 
highway 43(1) and may comprise the SS 
multiplex demodulators 167(i)'s and others 
described in connection with Fig. 17. It is unneces- 
sary that the first through the I-th partial 
frequency bands B(i)'s be always allotted to the 
transmitting stations 1 81 (i)'s in the order from the 
downstream or the upstream end of the highway 
43(1) to the other end. 

Referring to Fig. 23, another band division SS 
multiplex communication network comprises 
similar parts designated by like reference 
numerals. A common synchronizing signal 
generator 184 is substituted for the first through 
the I-th synchronizing signal generators 171(i)'s. It 
is possible to supply the i-th SS multiplex signal 
directly to the i-th output filter 173(i) with the i-th 
adder 172(i) omitted. In this event, a single 
synchronizing M sequence is supplied to the 
totalizer 175, The synchronizing M sequence is 
transmitted through the transmission line 43 
without the frequency band restricted. 

Under the circumstances, a single synchroniz- 
ing signal regenerator 185 is connected directly to 
the receiving end of the transmission line 43 in 
place of the first through the I-th synchronizing 
signal regenerators 177(i)'s and is shared by the 
first through the I-th SS multiplex demodulators 
167(i)'s. Operation of the single synchronizing 
signal regenerator 185, the input filters 176(i)'s, 
and the SS multiplex demodulators 167(i)'s will 
be self-explanatory. 

Referring to Fig. 24, still another band division 
SS multiplex communication network comprises 
first through I-th transmitting stations 181(i)'s 
allotted with the first through the I-th partial 



frequency bands B(i)'s, respectively, and 
scattered along the highway 43(1). A central 
receiving station 183 is connected to the up- 
stream end of the highway 43(1). A common 
synchronizing signal generator 186, similar to the 
generator 184 is connected to the downstream 
end of the highway 43(1). 

The i-th transmitting station 181 (i) comprises 
similar parts designated by like reference 
numerals and an i-th synchronizing signal re- 
generator 187(i), similar to the regenerator 147 or 
177(i), coupled to the highway 43(1) through an 
i-th branch-coupler 188(i) for recovering the PN 
clocks and regenerating the synchronizing M 
sequence from a wide-band synchronizing M 
sequence supplied from the common syn- 
chronizing signal generator 186. The i-th branch- 
coupler 188(i) may comprise elements corres- 
ponding to the second subbranch 65(2) (Fig. 14) 
and the i-th coupler 182(i). Responsive to the 
regenerated PN clocks and synchronizing M 
sequence, the i-th SS multiplex modulator 166(i) 
produces the i-th SS multiplex signal. The i-th 
partial band transmission multiplex produced by 
the i-th output filter 173(f) is delivered to the 
highway 43(1) through the i-th branch-coupler 
188(i). 

Reviewing Figs. 17 and 22 through 24, it is 
reminded here that the same M sequence is 
assigned to the correlation detectors, one in each 
of the first through the l-th SS multiplex de- 
modulators 167(i)'s. This provides inter- 
changeability of circuit elements among the SS 
multiplex demodulators 167(i)'s and also among 
the SS multiplex modulators 166(i)'s and the like. 
This facilitates, furthermore, standardization of 
the circuit elements. Each elementary SS 
modulator in the i-th SS multiplex modulator 
166(f) may be combined with an elementary SS 
demodulator in the i-th SS multiplex demodulator 
167(i) into an SS modem of the type illustrated 
with reference to Fig. 15. The first through the l-th 
subscriber groups may consist of different 
number of subscribers. 

Turning to Fig. 25, it is reminded that the wide 
frequency band B is preferably divided into first 
through fourth partial frequency bands B(1) to 
B(4). At and near the center frequency fJ2 of the 
entire frequency band B, a vacant band is prefer- 
ably left in which no partial band multiplex is 
transmitted. It is possible to utilize the vacant 
band as a synchronizing information trans- 
mission band B(s) in transmitting a synchronizing 
information carrying signal having discrete 
spectra in the synchronizing information trans- 
mission band B(s). 

Further turning to Fig. 26, an M sequence 
exemplified at (a) is for use as a modulation and a 
demodulation carrier. The frame period NT is 
fifteen bits long. Each frame has a bit pattern of 

(+ — 4-). Although the initial 

condition defined by four lead bits {+ +) is 

the same as that for the M sequences exemplified 
in Fig. 10 at (a), the generating polynomial is 
different. A rectangular frame timing pulse 
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sequence having a 5070 duty cycle and a repeti- 
tion period equal to the frame period NT, is 
generated as shown in Fig. 26 at (b). A sinusoidal 
signal having a frequency equal to the center 
frequency V2, is also generated as illustrated in 
Fig. 26 at (c). The sinusoidal signal may or may 
not have the phase of the PN clocks. As shown at 
(d), the sinusoidal signal is modulated by the 
frame timing pulse sequence into a synchronizing 
information carrying signal of the type described 
above. 

Such a synchronizing information carrying 
signal is generated in the common synchronizing 
signal generator 184 and used in common in the 
first through the l-th SS multiplex modulators 
166(i)'s. Alternatively, the synchronizing informa- 
tion carrying signal is generated in the common 
synchronizing signal generator 186 and used In 
the first through the l-th synchronizing signal 
regenerators 187(i)'s. 

Either at the single synchronizing signal re- 
generator 185 for use in the central receiving 
office or at the synchronizing signal regenerators 
187(i)'s, the synchronizing information carrying 
signal is extracted as a received synchronizing 
information signal by a band-pass filter (not 
shown) having a passband at the synchronizing 
signal transmission band B(s). The received 
synchronizing information signal is squared and 
then supplied to another band-pass filter (not 
shown) having a narrow passband at and near the 
PN clock frequency f 0 . The PN clocks are re- 
covered. A sinusoidal signal is locally generated 
with a frequency equal to the center frequency 
fo/2 and used in demodulating the received syn- 
chronizing information signal. A reproduction of 
the synchronizing information carrying signal is 
obtained as illustrated at (e). 

Referring back to Fig. 15 again, the SS modem 
circuitry comprising the SS modem illustrated 
with reference to any one of Figs. 4 and 6 through 
8 may comprise a first M sequence generator 67 
capable of generating a product M sequence 
given by a product of at least two frame syn- 
chronized component M sequences. One of the 
component M sequences is an M sequence 
preselected from cyclically bit shifted M 
sequences of a first kind generated by PN clocks 
having a first clock period t(1) in compliance with 
a first generating polynomial specifying a first 
frame period T(1). The first-kind M sequences 
have different initial values, respectively. The first 
clock period is equal to the PN clock period T of 
the PN clocks used in generating the M sequences 
which are assigned to the respective SS modems 
of the network and which will be called simple M 
sequences in contrast to the product M 
sequences. The first generating polynomial is the 
generating polynomial for the simple M 
sequences. Another of the component M 
sequences is preselected from cyclically bit 
shifted M sequences of a second kind generated 
by PN clocks of a second clock period t(2) in 
compliance with a second generating polynomial 
defining a second frame period T(2). The second- 



kind M sequences are generated in compliance 
with different initial values, respectively. The 
second clock period should be equal to an integral 
multiple of the first frame period. The integral 

5 multiple may be a multiple equal to unity. The 
second M sequence generator 71 may similarly 
produce a product M sequence. 

It is possible in this manner to define a product 
M sequence by a product of a plurality of 

w component M sequences, Q in number, where Q 
represents a predetermined integer greater than 
unity. A q-th component M sequence is pre- 
selected from cyclically bit shifted M sequences of 
a q-th kind, where q represents an integer 

75 between two and Q, both inclusive. The q-th-kind 
M sequences are generated by PN clocks having a 
q-th clock period t(q) in compliance with a q-th 
generating polynomial prescribing a q-th frame 
period T(q). The q-th-kind M sequences are gene- 

20 rated in compliance with different initial values, 
respectively. The q-th clock period t(q) should be 
equal to an integral multiple of the (q-1)-th frame 
period T(q-1 ). The first-kind through the Q-th-kind 
M sequences should be frame synchronized to 

25 one another. A single generating polynomial may 
be used in common as the first through the Q-th 
generating polynomials. The integral multiple 
may be selected for each of the second through 
the Q-th clock periods [t(q)]'s. The preselected 

30 first-kind through Q-th-kind M sequences may 
have a single initial value in common. If 
necessary, the first-kind through the Q-th-kind M 
sequences may be designated by the respective 
clock periods [t(1)]'s to [t(Q)]'s. 

35 Turning to Fig. 27, a combining logic is for 
producing a product M sequence in response to 
first-kind through q-th-kind M sequences t(1) to 
t(q), one preselected from the M sequences of 
each of the first through the q-th kinds. The 

40 combining logic comprises first through (q-1)-th 
Exclusive NOR gates 189(1) to 189(q-1). The first 
gate 189(1) is supplied with the preselected 
first-kind and second-kind M sequences t(1) and 
t(2). The (q-1)-th gate 189(q-1) is supplied with an 

45 Exclusive NOR output signal of the (q-2)-th gate 
189(q-2) and the preselected one of the q-th-kind 
M sequences t(q). The (q-1)-th gate 189(q-1) 
produces the product M sequence. 
Turning further to Fig. 28, a digital information 

so signal depicted at (a) is a binary information 
signal of a 5070 duty cycle. The information signal 
has a data clock period T D considerably longer 
than a first frame period T(1), of the type 
described above, common to first-kind M 

55 sequences. A preselected one of the first-kind M 
sequences is exemplified at (b). A second frame 
period T(2) of second-kind M sequences is 
rendered equal to the data clock period T D . The 
second clock period t(2) is equal to the first frame 

6o period T(1 ). A preselected one of the second-kind 
M sequence is depicted at (c). For clarity of 
illustration, a single initial value is used in 
common to the preselected first-kind and second- 
kind M sequences with the M sequences of the 

65 first and the second kinds generated in 
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compliance with a common generating poly- 
nomial specifying a frame period of fifteen bits. 
The initial value is that used in drawing the M 
sequence in Fig. 10. 

When the preselected first-kind M sequence is 
modulated by the information signal, that 
element of an SS signal which corresponds or 
represents a high or a low level duration of the 
information signal includes a mere repetition of 
the M sequence codes of the first-kind M 
sequence as illustrated at (d). The SS signal is 
redundant. Let the preselected second-kind M 
sequence be modulated by the information 
signal. A first-stage SS signal thereby derived, is 
not redundant as depicted at (e). The preselected 
first-kind M sequence is now modulated by the 
first-stage SS signal. A second-stage SS signal 
thereby obtained has an entire frequency band [0, 
f(1)] as shown at (f), where f(1) represents the 
reciprocal of the first clock period t{1). It is 
possible to reverse the order of modulation. The 
second-stage SS signal is demodulated into the 
original information signal by the preselected 
first-kind and second-kind M sequences. 

The product M sequences are effective in 
carrying out SS multiplex communication of 
information signals having a plurality of different 
data clock rates or periods. For this purpose, a 
certain number of component M sequence or 
sequences are used in providing each of several 
product M sequences. A different number of 
component M sequences are used in deriving 
each of several others of the product M 
sequences. In order to differentiate several of 
such product M sequences from several others 
thereof, such product M sequences will be 
classified into M sequences of a first through a 
Q-th family. The M sequences of the first through 
the Q-th kinds described above will be used. 

The first-family M sequences are simple M 
sequences rather than true product M sequences 
and are for information signals having a shortest 
of the different data clock periods. The first-family 
M sequences are those of the first-kind M 
sequences which are preselected with at least one 
first-kind M sequence left remaining. The Q-th- 
family M sequences are for information signals of 
a longest of the different data clock periods. Each 
q-th-family M sequence is given by a product of a 
first through a q-th component M sequence, 
among which the first through the (q-1)-th 
component M sequences are preselected one 
from the at least one remaining M sequence of 
each of the first through the (q— 1)-th kinds and 
among which the q-th component M sequence is 
preselected from the q-th-kind M sequence with 
at least one q-th-kind M sequence left remaining 
unless q is equal to Q, Furthermore, each 
component M sequence used to provide the 
product should be preselected so as not to be in 
duplication with any one of the component M 
sequences used to provide the products for the 
other q-th-family M sequences. 

On carrying out SS modulation of an informa- 
tion signal having one of the different data clock 



periods, one of q'-th-family M sequences is used, 
where q' represents an integer selected between 
unity and Q so that the q'-th frame period T(q') 
should not be longer than the data clock period 
5 under consideration and should be nearest 
thereto among the first through the Q-th frame 
periods [T(q)]'s. 

By way of example, let the subscribers deal 
with binary information signals classified into first 

w through third groups according to the data clock 
periods. First-group information signals have a 
first common data clock rate of 2 MHz and 
second-group and third-group signals, a second 
and a third common data clock rate of 256 kHz and 

J5 64 kHz, respectively. The first through the third 
data clock periods become equal to 1/2 micro- 
second, 1/256 millisecond, and 1/64 millisecond. It 
is possible to use M sequences of only a first and 
a second family, namely, M sequences of only a 

20 first and a second kind. The first frame period T(1 ) 
of the first-kind M sequences may be equal to 1/2 
microsecond. The first-kind M sequences may 
have a frame length of one hundred and twenty- 
seven bits. The first PN clock period t(1) becomes 

25 equal to 1/254 microsecond. The first-kind M 
sequences therefore have a first PN clock rate of 
254 MHz and a first frame repetition frequency of 
2 MHz. The second clock rate t(2) of the second- 
kind M sequences may be equal to the first frame 

30 period T(1), namely, 1/2 microsecond. The 
second-kind M sequences may have a frame 
length of thirty-one bits. The second frame period 
T(2) becomes equal to 31/2 microsecond. The 
second-kind M sequences have a second PN clock 

35 rate of 2 MHz and a second frame repetition 
frequency of 2/31 MHz. Incidentally, the first-kind 
and the second-kind M sequences are one 
hundred and twenty-seven and thirty-one in 
number. 

40 The second data clock period of 1/256 milli- 
second is shorter than the second frame period of 
31/2 microsecond. Although redundant, the first- 
family and the second-family M sequences 
should therefore be used as a modulation and 

45 demodulation carriers for the second-group and 
the third-group information signals, respectively. 

It will now be assumed that the subscribers 
dealing with the first-group and the second-group 
information signals are less in number than one 

50 hundred and twenty-seven. It is possible to assign 
optional ones of the first-kind M sequences as the 
first-family M sequences to the respective ones of 
such subscribers. The remaining first-kind M 
sequence or sequences are coupled to the 

55 second-kind M sequences to provide combina- 
tions for giving products as the second-family M 
sequences. The number of second-family M 
sequences become equal to an integral multiple 
of thirty-one depending on the number of remain- 

60 ing first-kind M sequences. If the subscribers 
dealing with the third-group information signals 
are less in number than the second-family M 
sequences, it is possible to optionally assign the 
second-family M sequences to these subscribers. 

65 Each remaining first-kind M sequence is thus 
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used to provide thirty-one second-family M 
sequences. 

When only the first-kind M sequences are used 
as the simple M sequences irrespective of the 
data clock rates of 2 MHz, 256 kHz, and 64 kHs and 
without the band division, the number of 
accommodated subscribers is one hundred and 
twenty-seven as described before. On resorting to 
the product M sequences, let it be presumed that 
xin number of the first-kind M sequences be used 
as component M sequences of the second-family 
M sequences. The number of first-family M 
sequences become equal to (127 — x). The number 
of second-family M sequences is equal to 31 x. 
The total number of product M sequences, the 
simple M sequences used as the first-family M 
sequences inclusive, is equal to (127+30x). When 
the number x is equal to fifteen, it is possible to 
accommodate five hundred and seventy-seven 
subscribers. An increase in the number of 
accommodated subscribers is astonishing. If this 
great number of subscribers should be accommo- 
dated by the use of the simple M sequences alone 
without resorting to the band division technique, 
cyclically bit shifted M sequences have to be 
derived from M sequence codes having five 
different generating polynomials. This severely 
adversely affects the SN and the SD ratios. 

An SS multiplex signal has a multiplicity of 
levels. It is therefore not seldom that a reduction 
in the data clock rate is important even at the cost 
of an increase in the number of levels of an 
information signal to be SS multiplexed. This 
provides an unexpected flexibility to design of an 
SS multiplex communication network. 

Reverting to the example, the first-family M 
sequences have a frame period of 1/2 micro- 
second. The SS multiplex communication 
network can not accommodate a subscriber 
dealing with an information signal having a 
shorter data clock period. It is, however, possible 
to accommodate the subscriber in question by 
increasing the number of levels of the information 
signal and thereby lengthening the data clock 
period. A subscriber dealing with a 4-MHz binary 
information signal is accommodated when the 
information signal is converted to a four-level 
information signal having a data clock period of 
1/2 microsecond. 

When the number of subscribers dealing with 
second-group binary information signals is near 
to or even exceeds one hundred and twenty- 
seven, such second-group information signals 
may be converted to eight-level information 
signals having a data clock period of 1/64 milli- 
second. The data clock period is rendered longer 
than the second frame period, 31/2 microsecond, 
of the second-kind M sequences used as 
component M sequences of the second-family M 
sequences. With this, optional ones of the first- 
kind M sequences are assigned as the first-family 
M sequences to the respective ones of sub- 
scribers dealing with only the first-group informa- 
tion signals. The second-family M sequences are 
assigned to the subscribers dealing with the 



second-group and the third-group information 
signals. 

Referring now to Fig. 29, an SS modem is 
connected to the up and the down transmission 
5 lines 43(1 ) and 43(2). It will be presumed hereafter 
that a received information signal delivered to the 
information output terminal 55 and a trans- 
mission information signal supplied to the 
information input terminal 61 for transmission to 

jo a destination SS modem specified by an address 
signal supplied to the address input terminal 62, 
have one of different data clock period. A first SS 
signal reaching the branch comprising first and 
second subbranches 65(1) and 65(2) through the 

75 down transmission line 43(2), comprises a first 
frame synchronizing signal and an SS signal in 
which a particular information signal to be 
received as the received information signal is 
carried by a first of the q-th-family M sequences 

20 that is assigned to the illustrated SS modem. 
Merely for simplicity of denotation, the letter q is 
substituted for the symbol q' used heretobefore. 
In other words, the q-th frame period of the 
q-th-kind M sequences used as component M 

25 sequences of the q-th-family M sequences is not 
longer than the above-mentioned one data clock 
period. An SS signal which reaches an adder 191 
through the up transmission line 43(1) and with 
which a transmission SS signal is multiplexed by 

30 the adder 191 into a second SS signal, comprises 
a second frame synchronizing signal. The 
received information signal is obtained by 
demodulating the first SS signal by the first 
q-th-family M sequence. The transmission SS 

35 signal is produced by modulating a second of the 
q-th-family M sequences by the transmission 
information signal. The first SS signal and the 
transmission information signal may successively 
be multiplied as described with reference to Fig. 

40 28 by the component M sequences of at least one 
q-th-family M sequence used as the first and the 
second M sequences described in conjunction 
with any one of Figs. 4, 6 through 8, and 14 and 
15. 

45 The SS modem comprises a first synchronizing 
signal regenerator 192, similar to the syn- 
chronizing signal regenerator 147. Supplied with 
the first SS signal through the second subbranch 
65(2), the first synchronizing signal regenerator 

so 192 recovers PN clocks for the first-kind through 
the q-th-kind M sequences preselected as 
component M sequences of the first q-th-family M 
sequence and regenerates frame synchronizing 
signals therefor. Responsive to the PN clocks and 

55 the frame synchronizing signals, first through q-th. 
demodulation M sequence generators 193(1) to 
193(q) generate the first through the q-th 
component M sequences of the first q-th-family M 
sequence with frame synchronism established. 

6o First through q-th demodulation multipliers 
194(1) to 194(q) connected in series correspond to 
the first multiplier 66 and are for multiplying the 
first SS signal supplied to the first demodulation 
multiplier 194(1 ) through the first subbranch 65(1 ) 

ss successively by the first through the q-th 
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component M sequences. The q-th demodulation 
multiplier 194(q) produces the first multiplied 
signal described heretobefore. A signal processor 
195 comprises a low-pass filter and a discrimina- 
tion circuit described above. Responsive to the 
first multiplied signal, the signal processor 195 
delivers the received information signal to the 
information output terminal 55. 

It may be mentioned h ere that some of the 
information signals, such as data and/or picture 
signals, should be transmitted with a superior 
transmission performance to the other informa- 
tion signals, such as speech signals. The SS 
modem being illustrated therefore comprises a 
level controller 196 responsive to the trans- 
mission information signal supplied from the 
information input terminal 61 for producing a 
level adjusted or controlled information signal 
with a higher and a lower level when the trans- 
mission information signal is to be transmitted 
with the superior transmission performance and 
need not be transmitted with the superior trans- 
mission performance, respectively. Such a level 
controller may be used also in the SS modem 
described hereinabove and will readily be imple- 
mented by one skilled in the art. 

A second synchronizing signal regenerator 197 
is similar to the synchronizing signal regenerator 
192 and is supplied with the SS signal from the up 
transmission line 43(1) through a branch 97'. 
Responsive to PN clocks and frame synchronizing 
signals regenerated by the second synchronizing 
signal regenerator 197 and controlled by the 
address signal supplied from the address input 
terminal 62, first through q-th modulation M 
sequence generators 198(1) to 198(q) generate 
first through q-th frame synchronized component 
M sequences of the second q-th-family M 
sequence. First through q-th modulation multi- 
pliers 199(1) to 199(q) connected in series corres- 
pond to the second multiplier 72. The q-th 
through the first modulation multipliers 199{q) to 
199(1) are for multiplying the level adjusted 
information signal supplied to the q-th modula- 
tion multiplier 199(q) successively by the q-th 
through the first frame synchronized component 
M sequences. The first modulation multiplier 
199(1) produces the transmission SS signal, 
which corresponds to the second multiplied 
signal. The second multiplied signal and the 
signal through the up transmission line 43(1) are 
applied to the adder 191. 

Referring to Fig. 30, an SS modem according to 
a sixth embodiment of this invention is specifi- 
cally effective when connected to the first and the 
second loop transmission line sections 42(1) and 
42(2). The SS modem comprises similar parts 
designated by like reference numerals. Only one 
synchronizing signal regenerator is used, which is 
designated by the reference numeral 192 and 
connected to the second subbranch 65(2). 

The first multiplied signal produced by the q-th 
demodulation multiplier 194(q) is delivered to the 
high-pass filter 81 as well as to the signal 
processor 195. As before, the high-pass filter 81 



produces a low frequency component rejected 
signal. PN clocks and frame synchronizing signals 
regenerated by the synchronizing signal re- 
generator 192 and supplied to the first through 
the q-th demodulation M sequence generators 
193(1) to 193(q) are supplied also to first through 
q-th delay circuits 201(1) to 201 (q), respectively. 
The first through the q-th delay circuits 201(1) to 
201 (q) are for producing delayed PN clocks and 
delayed frame synchronizing signals with delays 
which will presently become clear. Responsive to 
the delayed PN clocks and the delayed frame 
synchronizing signals, first through q-th local or 
regeneration M sequence generators 202(1) to 
202(q) generate first through q-th frame syn- 
chronized local component M sequences which 
are the same as the first through the q-th 
component M sequences of the first q-th-family M 
sequence. First through q-th local or regeneration 
multipliers 203(1) to 203(q), connected in series, 
correspond to the third multiplier 82. The q-th 
through the first local multipliers 203(q) to 203(1) 
are for multiplying the low frequency component 
rejected signal supplied to the q-th local multiplier 
203(q) successively by the q-th through the first 
local component M sequences. The first local 
multiplier 203(1) produces a third multiplied 
signal of the type described above. 

Responsive to the delayed PN clocks and the 
delayed frame synchronizing signals, the first 
through the q-th modulation M sequence 
generators 198(1) to 198(q) generate first through 
q-th frame synchronized modulation M 
sequences in compliance with the address signal 
supplied from the address input terminal 62. The 
first through the q-th modulation M sequences 
are the first through the q-th component M 
sequences of the second q-th-family M sequence. 
The level adjusted signal supplied to the q-th 
modulation multiplier 199(q) successively 
modulates the q-th through the first modulation 
M sequences at the q-th through the first modula- 
tion multipliers 199(q) to 199(1). The first 
modulation multiplier 199(1) supplies the adder 
83 with a transmission SS signal corresponding 
to the second multiplied signal. The adder 83 
adds the second and the third multiplied signals 
into a second SS signal, which is delivered to the 
second loop transmission line section 42(2). 

It is possible to dispense with the local M 
sequence generators 202(1) to 202(q) and sub- 
stitute therefor first through q-th M sequence 
delay circuits (not shown) responsive to the first 
through the q-th component M sequences of the 
first q-th-family M sequence for producing first 
through q-th delayed M sequences. The first 
through the q-th local multipliers 203(1) to 203(q) 
are supplied with the first through the q-th 
delayed M sequences rather than with the first 
through the q-th local component M sequences. 

Referring to Fig. 31, an SS modem according to 
a modification of the circuitry illustrated with 
reference to Fig. 29 comprises similar parts 
designated by like reference numerals. A first 
single multiplier 66 is used instead of the first 



29 



57 



0 041 253 



58 



through the q-th demodulation multipliers 194(1) 
to 194(q). Responsive to the first through the q-th 
component M sequences, a first combining logic 
205 of the type illustrated with reference to Fig. 27 
produces the first q-th-family M sequence. The 
first through the q-th demodulation M sequence 
generators 193(1) to 193(q) and the first 
combining logic 205 are equivalent to the first M 
sequence generator 66 and the first q-th-family M 
sequence; to the first M sequence. 

A second single multiplier 72 is substituted for 
the first through the q-th modulation multipliers 
199(1) to 199(q). A second combining logic 206 is 
used instead, which corresponds to the first 
combining logic 205. The first through the q-th 
modulation M sequence generators 198(1) to 
198(q) and the second combining logic 206 are 
equivalent to the second M sequence generator 
71 and the second q-th-family M sequence, to the 
second M sequence. 

Referring to Fig. 32, an SS modem according to 
another modification of the circuitry illustrated 
with reference to Fig. 29 comprises similar parts 
designated by like reference numerals. The first 
SS signal reaching the SS modem comprises an 
SS signal into which a binary information signal 
to be received is converted to a multilevel 
information signal and then SS modulated. This is 
for lengthening the data clock period as described 
above. The low frequency signal produced by the 
signal processor 195 is a reproduction of the 
multilevel information signal. A first converter 
207 is for converting the reproduced multilevel 
information signal to a binary information signal, 
which is a reproduction of the original binary 
information signal and delivered to the 
information output terminal 55 as a received 
information signal. 

A binary transmission information signal is 
supplied to a second converter 208 from the 
information input terminal 61. The second 
converter 208 is for converting the transmission 
information signal to a multilevel transmission 
information signal, which is supplied to the 
second multiplier 72 through the level controller 
196. 

Reviewing Figs. 29 through 32, it will now be 
readily feasible to modify the circuitry illustrated 
with reference to any one of Figs. 29, 31 , and 32 so 
as to produce a second SS signal with an SS 
signal carrying the particular information signal 
rejected therefrom. The first multiplied signal 
should be supplied to a high-pass filter as well as 
to the signal processor 195. The low frequency 
component rejected signal should be multiplied 
by the first q-th-family M sequence with a delay 
preferably given thereto. The adder 191 may be 
renumbered to 83. It is also possible to substitute 
the circuitry illustrated with reference to either of 
Figs. 7 and 8 for that illustrated with reference to 
Fig. 6. 

Referring far back to Figs. 19 and 20 and 
referring anew to Fig. 33, a partial frequency band 
having a normalized partial bandwidth of about 
0.2 is fairly tolerable for transmission of an SS 



signal unless the center portion of the entire wide 
frequency band B or [0, f 0 ] depicted in Fig. 33 at (a) 
is included in the partial frequency band in 
question. It is therefore possible to furnish each of 

5 the input and output filters 161 and 162 described 
in conjunction with Fig. 15 with a passband 
substantially at an upper frequency band B(U) or 
[0.8f 0 , f 0 ] illustrated in Fig. 33 at (b) and to use the 
remaining lower frequency band B(L) or [0, 0.8f 0 ] 

w in transmitting a baseband multiplex signal. For 
example, data and/or picture signals may not be 
processed by a level controller 196 but may be 
TDM'ed into a baseband digital multiplex signal 
having a spectrum exemplified in Fig. 33 at (c). As 

15 shown in Fig. 33 (d), the upper frequency band is 
used for transmission of a partial band SS 
multiplex signal and the lower frequency band, 
for transmission of a TDM'ed signal. 

Referring now to Fig. 34, an SS multiplex 

20 communication network accommodating first 
through J-th information sources of a first group 
Sc(1, j)'s and first through J-th information sinks 
of the first group SK(1, j)'s, is combined with a 
TDM communication network accommodating 

25 first through K-th information sources of a second 
group Sc(2, k)'s and first through K-th information 
sinks of the second group Sk(2, k)'s with a 
transmission line 43 used in common. The letters 
K and k now represent a predetermined integer 

30 and an integer between unity and K, both 
inclusive. The subscribers of the first group deal 
with speech signals. The subscribers of the 
second group deal with data and/or picture 
signals. The whole wide frequency band B of the 

35 transmission line 43 is divided into upper and 
lower frequency bands B(U) and B(L) of the type 
described above. 

The second-grov information sources Sc(2, k)'s 
are accommodated by a TDM modulator 211 for 

40 producing a baseband transmission TDM signal 
as described in conjunction with Fig. 2. An output 
low-pass filter 212 is for restricting the frequency 
band of the transmission TDM signal to the lower 
frequency band B(L) to produce a partial band 

45 transmission TDM signal. The partial band trans- 
mission TDM signal is substantially the same as 
the baseband transmission TDM signal. First 
through J-th SS modulators 213(j)'s are for the 
respective information sources of the first group 

so Sc(1, j)'s and for producing transmission SS 
signals for optional ones of the first-group 
information sinks Sk(1, j)'s as described in 
connection with Figs. 6 through 8. The trans- 
mission SS signals are totaled on a signal lead 

55 214 into a single transmission SS multiplex 
signal. An output high pass filter 215 is for 
restricting the frequency band of the transmission 
SS multiplex signal to the upper frequency band 
B(U) to produce a partial band transmission SS 

60 multiplex signal. The partial band transmission 
TDM signal and the partial band transmission SS 
multiplex signal are transmitted through the 
transmission line 43 as a single transmission 
multiplex signal. 

65 A smgle reception multiplex signal derived 
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from the single transmission multiplex signal 
through the transmission line 43 is supplied to an 
input low-pass filter 216 and an input high-pass 
filter 217 for the lower and the upper frequency 
bands B(L) and B(U). The low-pass filter 216 
produces a partial band reception TDM signal, 
which is a substantial reproduction of the base- 
band transmission TDM signal and can be called a 
baseband reception TDM signal. The baseband 
reception TDM signal is supplied to a TDM 
demodulator 218 accommodating the second- 
group information sinks Sk(2, k)'s. As described in 
conjunction with Fig. 2, the TDM demodulator 218 
demultiplexes the baseband reception TDM 
signal into reproductions of the original data 
and/or picture signals. The high-pass filter 217 
produces a partial band reception SS multiplex 
signal, which is a reproduction of the partial band 
transmission SS multiplex signal. First through 
J-th SS demodulators 219{j)'s are for the 
respective first-group information sinks Sk(1, j)'s. 
As described in connection with Fig. 15, the 
partial band reception SS multiplex signal is 
demodulated into reproductions of the original 
speech signals. 

The multiplex communication network 
illustrated with reference to Fig. 34 is therefore a 
band division multiplex communication network. 
It should be understood that frame synchronism 
should be established for the SS signals as 
described in conjunction with Figs. 14 and 17. The 
TDM modulator and demodulator 21 1 and 218 are 
what may be called a time division multiplexer 
and demultiplexer. A frame alignment signal 
consisting of the frame alignment bits described 
in connection with Fig. 2 should be generated in 
the TDM modulator 211 and transmitted through 
the output low-pass filter 212 and the trans- 
mission line 43 as a partial band frame alignment 
signal multiplexed in the single transmission 
multiplex signal. TDM clocks are also generated 
in the TDM modulator 211 for use in cyclically 
specifying the time slots. Responsive to the 
partial band frame alignment signal extracted 
from the single reception multiplex signal by the 
input low-pass filter 216 together with the base- 
band reception TDM signal, the TDM de- 
modulator 218 regenerates the frame alignment 
signal and recovers the TDM clocks. The expres- 
sion "groups" used for the subscribers Sc(1, j)'s, 
Sk(1, j)'s, Sc(2, k)'s, and Sk(2, k)'s is somewhat 
different from that used in conjunction with Figs. 
17 and 22 through 25. 

Referring to Fig. 35, another band division 
multiplex communication network for SS 
multiplex and TDM signals comprises a trans- 
mission line 41 consisting of up and down 
transmission line 43(1) and 43(2), first through l-th 
terminal stations 221(i)'s scattered along the 
transmission line 41, and an exchange station 222 
connected to the transmission line 41 at the 
downstream end of the up transmission line 43(1 ) 
and the upstream end of the down transmission 
line 43(2). The letters I and / are used, insofar as 
the network being illustrated is concerned, merely 



to discriminate each terminal station and its 
element from other terminal stations and the 
corresponding elements rather than as used for 
the SS multiplex modulators and demodulators 
166(i)'s and 167(i)'s or for the transmitting 
stations 181(i)'s, in which case the letters and / are 
used also to specify the respective partial fre- 
quency bands. 

The i-th terminal station 221 (i) comprises an i-th 
SS modem 223(i) for first through J-th sub- 
scribers of a first group S(i, 1, j)'s dealing 
primarily with speech signals and an i-th TDM 
modem 224(i) for first through K-th subscribers of 
a second group S(i, 2, k)'s dealing primarily with 
data and/or picture signals. As will shortly be 
described more in detail, the exchange station 
222 receives a first multiplex of SS multiplex and 
TDM signals from the up transmission line 43(1), 
carries out carrier conversion for the SS multiplex 
signals, and sends a second multiplex of SS 
multiplex and TDM signals to the down trans- 
mission line 43(2). The exchange station 222 
generates synchronizing signals for the SS and 
the TDM modems 223(i)'s and 224(i)'s and sends 
the synchronizing signals together with the 
second multiplex. 

Using the synchronizing signals received 
through an i-th input high-pass filter 217(f) for the 
upper frequency band B(U), the i-th SS modem 
223(i) produces an i-th single transmission SS 
multiplex signal, which is delivered as an i-th 
partial band transmission SS multiplex signal to 
the up transmission line 43(1) through an i-th 
output high-pass filter 215(0 for the upper fre- 
quency band. Receiving the synchronizing signals 
through an i-th input low-pass filter 212(i) for the 
lower frequency band B(L), the i-th TDM modem 
224(i) produced an i-th baseband transmission 
TDM signal and delivers the same as an i-th 
partial band transmission TDM signal to the up 
transmission line 43(1) through an i-th output 
low-pass filter 216(i) for the lower frequency 
band. The first through the I-th partial band 
transmission SS multiplex signals of the upper 
frequency band B(U) and the first through the I-th 
partial band transmission TDM signals of the 
lower frequency band B(L) are multiplexed into 
the first multiplex. 

As described hereinabove, different ones of PN 
code sequences generated by PN clocks having a 
predetermined PN clock rate in compliance with a 
single generating polynomial and with different 
initial values, respectively, are assigned to the 
respective first-group subscribers S(i, 1, j)'s 
accommodated by the first through the I-th 
terminal stations 221(i)'s. The PN code sequences 
may be those of the first through the Q-th families 
described in conjunction with Figs. 28 through 32. 
In the illustrated example, the family or product 
PN code sequences are primarily for increasing 
the number of SS channels of the multiplex 
communication network rather than coping with 
information signals of different data clock rates. 
At any rate, a particular first-group subscriber S(i, 
1, j) accommodated by a particular SS modem 
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223(0 is assigned with a particular PN code 
sequence. As will presently become clear, the 
particular PN code sequence serve as modulation 
and demodulation carriers for the particular sub- 
scriber. 

The particular subscribers S(i, 1 , j) may initiate a 
call to a preselected first-group subscriber S(i', 1, 
j') accommodated by a specific SS modem 223(F) 
and assigned with a specific PN code sequence, 
where F represents an integer between unity and 
I, both inclusive, and /' represents an integer 
between unity and J, both inclusive. Although the 
integers F and / may be equal to the integers / 
and /unless F and /' are simultaneously equal to / 
and /, respectively, it will be presumed merely for 
brevity of description that /' is not equal to /, 
namely, the particular and the specific SS 
modems 223(0 and 223(i') are different modems. 

The call includes a numerical signal, such as a 
dial impulse signal or a multifrequency signal, 
specifying the preselected subscriber. The call 
will subsequently be followed by a particular 
speech signal. In an SS signal produced by the 
particular SS modem 223(0 and multiplexed 
thereby with other SS signals into the i-th single 
transmission SS multiplex signal, the particular 
PN code sequence carries the original numerical 
signal as an SS numerical signal. A partial band 
SS numerical signal is multiplexed with other 
partial band SS signals in the i-th partial band 
transmission SS multiplex signal and then in the 
first multiplex. Subsequently, the particular 
speech signal will likewise be processed into a 
partial band transmission SS signal, which is 
multiplexed in the i-th partial band SS multiplex 
signal and subsequently in the first multiplex. 

Responsive to the partial band SS numerical 
signal, the exchange station 222 selects the 
specific PN code sequence. According as the 
selection is successful or not, the particular 
subscriber S(i, 1, j) is informed of capability and 
incapability of communicating with the pre- 
selected subscriber S(i', 1, j'). When successful, 
the exchange station 222 converts the particular 
PN code sequence carrying the particular speech 
signal in the partial band transmission SS signal 
to the specific PN code sequence. By the carrier 
conversion, the partial band transmission SS 
signal is converted to a carrier converter full SS 
signal having the whole wide frequency band B. 
The exchange station 222 restricts the converted 
full SS signal into a partial band converted SS 
signal having the upper frequency band B(U). The 
partial band transmission TDM signals may or 
may not be converted to partial band converted 
TDM signals. The partial band converted SS 
signal is multiplexed in the second multiplex with 
similar SS signals and the partial band TDM 
signals. 

Responsive to the second multiplex supplied 
through the i-th input high-pass filter 217(0 as an 
i-th partial band reception SS multiplex signal, the 
i-th SS modem 223(i) reproduces original speech 
signals directed to the first-group subscribers S(i, 
1, j)'s accommodated thereby and delivers the 



reproduced speech signals to such subscribers. 
Likewise supplied with an i-th partial band recep- 
tion TDM signal through the i-th low-pass filter 
216(i), the i-th TDM modem 224(i) delivers repro- 
5 ductions of original data and/or picture signals to 
the second-group subscribers S(i, 2, k)'s 
accommodated thereby. 

The partial band converted SS signal men- 
tioned above, is multiplexed with other signals in 

w each of the first through the l-th partial band 
reception SS multiplex signals. Only the specific 
SS modem 223(i') reproduces the particular 
speech signal from the i'-th partial band reception 
SS multiplex signal by the specific PN code 

75 sequence and delivers a reproduction of the 
particular speech signal to the preselected sub- 
scriber S(i', 1, j'). The specific SS modem 223(i') 
reproduces also the original speech signals for 
other first-group subscribers accommodated 

20 thereby. Other SS modems are unable to 
reproduce the particular speech signal in question 
because the specific PN code sequence is not 
available there. 
Each SS modem 223(i) corresponds to the SS 

2 5 modem illustrated with reference to Fig. 4 except 
for the facts that the band division technique is 
resorted to and that the SS modem 223(i) 
accommodates a plurality of subscribers rather 
than a single subscriber. The SS modem 

30 illustrated with reference to any one of Figs. 6 
through 8 may now readily be implemented as 
the SS modem 223(i) combined with the input 
and the output high-pass filters 217(i) and 215(i) 
when reference is had to Fig. 15 and the descrip- 

35 tion relating to combinations of the SS modems 
illustrated with reference to Fig. 15, and any one 
of Figs. 4 and 6 through 8. Incidentally, the transit 
filter 1 64 is now a low-pass filter corresponding to 
either of the input and the output low-pass filters 

4 o 212(i) and 216(0- 

Referring to Fig. 36, still another band division 
multiplex communication network is similar to 
that illustrated with reference to Fig. 34 and 
comprises similar parts designated by like 

45 reference numerals. A single synchronizing signal 
generator 184 is for generating clocks and a frame 
synchronizing signal. The generated clocks and 
frame synchronizing signal are used in the TDM 
modulator 211 as the TDM clocks and the frame 

50 alignment signal. Responsive to the generated 
clocks and frame synchronizing signal, the SS 
modulators 213(i)'s generate PN code sequences 
in compliance with a single generating poly- 
nomial and with different initial values, respec- 

55 tively, for use as modulation carriers. The syn- 
chronizing signal generator 184 furthermore 
generates a synchronizing PN code sequence in- 
compliance with a different generating poly- 
nomial and with a predetermined initial value. 

so The synchronizing PN code sequence is delivered 
to the transmission line 43 through the signal lead 
214 and then the output band-pass filter 215 as a 
narrow band PN code sequence of the type 
depicted in Fig. 18. 

65 Responsive to the narrow band PN code 
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sequence extracted from the single reception 
multiplex by the input band-pass filter 217 
together with the partial band reception SS 
multiplex signal mentioned before, a syn- 
chronizing signal regenerator 185 regenerates the 
clocks and the frame synchronizing signal. The 
regenerated clocks and frame synchronizing 
signal are used in the TDM demodulator as 
described above and in the SS demodulators 
219(i)'s in generating PN code sequences for use 
as demodulation carriers. 

The illustrated multiplex communication 
network is featured by a simple clock and frame 
synchronizing signal regenerating facility. The 
circuitry is preferred when the TDM and the PN 
clock rates may be one and the same. 

Finally referring to Fig. 37, yet another band 
division multiplex communication network is 
again similar to that illustrated with reference to 
Fig. 34 and comprises similar parts designated by 
like reference numerals. The clocks and the frame 
synchronizing signal generated by synchronizing 
signal generator 184 are used only in the SS 
modulators 213(i)'s. Similarly, the clocks and the 
frame synchronizing signal regenerated by the 
synchronizing signal regenerator 185 are used 
only in the SS demodulators 219(i)'s. The TDM 
modulator 211 comprises clock and frame align- 
ment signal generators as described in con- 
junction with Fig. 34. Likewise, the TDM de- 
modulator 218 regenerates the frame alignment 
signal separately of regeneration of the syn- 
chronizing PN code sequence by the syn- 
chronizing signal regenerator 185. The illustrated 
multiplex communication network is preferred to 
that illustrated with reference to Fig. 36 when it is 
desired to select the clock rate of the TDM and the 
PN clock rates independently of each other. ' 

It is now understood that each of the SS 
modems illustrated with reference to Figs. 6 
through 8, 15, 17, 22 through 24, 29 through 32, 
34, 36, and 37 may comprise a single PN code 
sequence generator for generating a single PN 
code sequence or M sequence for use as modula- 
tion and demodulation carriers. On the contrary, 
each SS modem illustrated in conjunction with 
Fig. 35 may comprise a first and a second PN code 
sequence generator. 

While this invention has thus far been 
described in specific conjunction with several 
preferred embodiments thereof and modifica- 
tions, it will now readily be possible for one 
skilled in the art to carry this invention into effect 
in various other ways. For example, it is possible 
to combine, as has already been pointed out here 
and there, various parts of the SS modem 
illustrated with reference to any one of Figs. 6 
through 8, 15, 17, 22 through 24, 29 through 32, 
and 34 through 37 with other parts of such an SS 
modem and even with the SS modem illustrated 
with reference to Fig. 4. The SS modem 49 
coupled to the loop and the branch transmission 
lines 42 and 43 or even to more than two 
transmission lines will readily be implemented. 
When an optical fibre is used as a transmission 



line 41, the SS multiplex signals may further be 
frequency division multiplexed. The information 
signal may be an analog signal. As is the case 
with the synchronizing signal generator 186 
specifically described in connection with Fig. 24, 
each of the individual synchronizing signal 
generators 171(i)'s or the single synchronizing 
signal generator 184 may generate a syn- 
chronizing PN code sequence as the frame syn- 
chronizing signal for use in the accompanying SS 
multiplex modulator 166(i) or the like. In Fig. 36, 
the TDM modulator 211 can produce a frame 
alignment signal from such a PN code sequence 
as described in relation to the TDM demodulator 
218. The exchange station 222 may supply the 
down transmission line 43(2) or the like with a 
wide band synchronizing PN code sequence as 
the synchronizing signals described in con- 
junction with Fig. 35. 

Each M sequence may be a PN code sequence 
obtained by adding at least one redundant bit to 
the M sequence. An AGC {automatic gain control) 
circuit may be interposed in the first subbranch 
65(1) depending on the architecture, particularly 
the scale, of the SS multiplex communication 
network so as to compensate for the loss caused 
to the SS signal transmitted a long distance 
through the transmission line 41. A differential 
amplifier is more preferable for use as each of the 
multipliers, such as 66, 72, and 82, than a ring 
modulator or the like because the differential 
amplifiers are readily implemented as an inte- 
grated semiconductor circuit. When the first 
multiplier 66 or its equivalent, such as the first of 
the multipliers 194(1) through 194(q), is imple- 
mented by a differential amplifier, a drift in the 
first SS signal will give rise to a problem. It is, 
however, readily possible to solve the problem by 
a.c. coupling either the branch 65 or an AGC 
circuit interposed therein to the first multiplier or 
its equivalent. The fact that the a.c. coupling will 
little adversely affect the operation so far 
described is evident from the wide band nature of 
the SS signals. When the AGC circuit is used, it is 
also possible to interpose a peak value detector 
between the AGC circuit and the first multiplier 66 
or its equivalent for always monitoring the peak 
value of the first SS signal to furnish the SS 
multiplex communication network with a call rate 
control facility. 

In the SS multiplex communication network 
illustrated with reference to Fig. 17, each of some 
groups may consist of only one subscriber. Such 
a network is an equivalent of the circuitry in which 
each group consists of at least two subscribers as 
described above merely for brevity of the descrip- 
tion. Incidentally, it is possible to understand that 
the bandpass filter mentioned in conjunction with 
Fig. 26 is depicted in the drawing as each of the 
input filters 176(i)'s and that the narrow band- 
pass filter, the local sinusoidal signal generator, 
and the demodulator for the received syn- 
chronizing information signal are collectively 
illustrated as each of the synchronizing PN code 
sequence regenerators 177(i)'s. 
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Claims 

1. A transmitter- receiver (Fig. 6) for use in a 
spread spectrum multiplex communication 
network comprising a directional transmission 
line (41 — 43) and a plurality of modems (46 — 50) 
coupled to said transmission line, said 
transmitter-receiver being comprised by each of 
said modems to be responsive to a first spread 
spectrum signal received from said transmission 
line (42) and comprising a spread spectrum signal 
into which a first of a plurality of different pseudo 
noise code sequences is modulated by a 
particular information signal for reproducing said 
particular information signal and to be responsive 
to a transmission information signal for supplying 
said transmission line (42) with a second spread 
spectrum signal comprising a spread spectrum 
signal into which a second of said pseudo noise 
code sequences is modulated by said trans- 
mission information signal, said transmitter- 
receiver including reception spread spectrum 
signal producing means responsive to said first 
spread spectrum signal for producing a reception 
spread spectrum signal, pseudo noise code 
sequence generating means (67) for generating at 
least one of said different pseudo noise code 
sequences as said first and said second pseudo 
noise code sequences, first multiplying means 
(66) for multiplying said reception spread 
spectrum signal by the first pseudo noise code 
sequence generated by said pseudo noise code 
sequence generating means (67) to produce a first 
multiplied signal, low frequency component 
extracting means (68) for extracting a low fre- 
quency component from said first multiplied 
signal to produce a low frequency signal, means 
(69) responsive to said low frequency signal for 
producing said particular information signal, 
second multiplying means (72) for multiplying an 
input signal by the second pseudo noise code 
sequence generated by said pseudo noise code 
sequence generating means (71, 91) to produce a 
second multiplied signal, transmission informa- 
tion signal supplying means (61) for supplying 
said transmission information signal to said 
second multiplying means (72) as said input 
signal, and means responsive to a transmission 
spread spectrum signal for producing said second 
spread spectrum signal characterised in that the 
transmitter-receiver further, (81, 83) comprises 
combining means for combining said first and 
said second multiplied signals into said trans- 
mission spread spectrum signal with said low 
frequency component rejected from said first 
multiplied signal. 

2. A transmitter- receiver (Fig. 6) as claimed in 
Claim 1, said transmission line comprising a 
closed-loop transmission line (42), said modems 
comprising a plurality of specific modems (46— 
49) coupled to said closed-loop transmission line 
(42), said different pseudo noise code sequences 
being assigned to said specific modems (46 — 49), 
respectively, said each modem being each of said 
specific modems, said first pseudo noise code 



sequence being the pseudo noise code sequence 
assigned to said each specific modem, said 
transmission information signal being for recep- 
tion by a preselected one of said specific 

5 modems, said second pseudo noise code 
sequence being the pseudo noise code sequence 
assigned to said preselected modem, wherein 
said combining means (81 — 83) comprises: 
low frequency component rejecting means (81) 

70 for rejecting said low frequency component from 
said first multiplied signal to produce a low 
frequency component rejected signal; 

third multiplying means (82) for multiplying 
said low frequency component rejected signal by 

75 the first pseudo noise code sequence generated 
by said pseudo noise code sequence generating 
means (67) to produce a third multiplied signal; 
and 

adding means (83) for adding said second and 
20 said third multiplied signals into said trans- 
mission spread spectrum signal. 

3. A transmitter-receiver (Fig. 7) as claimed in 
Claim 1, said transmission line comprising a 
closed-loop transmission line (42), said modems 

25 comprising a plurality of specific modems (46 — 
49) coupled to said closed-loop transmission line 
(42), said different pseudo noise code sequences 
being a plurality of different maximum length 
code sequences generated by clocks having a 

30 predetermined clock period in compliance with a 
single generating polynomial and with different 
initial values, respectively, said maximum length 
code sequences being assigned to said specific 
modems, respectively, said first pseudo noise 

35 code sequence being a first of said maximum 
length code sequences, said each modem being 
each of said specific modems, said first maximum 
length code sequence being assigned to said each 
specific modem, said transmission information 

40 signal being for reception by a preselected one of 
said specific modems, wherein: 

said pseudo noise code sequence generating 
means (91) is for generating a second of said 
maximum length code sequences as said second 

45 pseudo noise code sequence that is selected in 
consideration of said preselected modem; 
said combining means comprising; 
low frequency component rejecting means (81) 
for rejecting said low frequency component from 

so said first multiplied signal to produce a low 
frequency component rejected signal; and 

adding means (83) for adding said low fre- 
quency component rejected signal and said 
second multiplied signal into said transmission 

55 spread spectrum signal. 

4. A transmitter-receiver (Fig. 8) as claimed in 
Claim 1, said transmission line comprising a 
closed-loop transmission line (42) said modems 
comprising a plurality of specific modems 

60 coupled to said closed-loop transmission line 
(42), said different pseudo noise code sequences 
being a plurality of different maximum length 
code sequences generated by clocks having a 
predetermined clock period in compliance with a 

65 single generating polynomial and with different 
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initial values, respectively, said maximum length 
code sequences being assigned to said specific 
modems (46 — 49), respectively, said first pseudo 
noise code sequence being a first of said 
maximum length code sequences, said each 
modem being each of said specific modems, said 
first maximum length code sequence being 
assigned to said each specific modem, said 
transmission information signal being for recep- 
tion by a preselected one of said specific 
modems, wherein: 

said pseudo noise code sequence generating 
means (91) is for generating a second of said 
maximum length code sequences as said second 
pseudo noise code sequence that is selected in 
consideration of said preselected modem; 

said combining means comprising; 

adding means (83) for adding said first and said 
second multiplied signals into a sum signal; and 

low frequency component rejecting means (81) 
for rejecting at least said low frequency 
component from said sum signal to produce said 
transmission spread spectrum signal. 

5. A transmitter-receiver (Fig. 9) as claimed in 
Claim 1, said transmission line comprising a 
closed-loop transmission line (42), said modems 
comprising a plurality of specific modems (46 — 
49) coupled to said closed-loop transmission line 
(42), said transmitter-receiver being a particular 
transmitter-receiver comprised by one of said 
specific modems other than the remaining 
specific modems, wherein said particular 
transmitter-receiver further comprises: 

synchronizing pseudo noise code sequence 
generating means (96) for generating a 
synchronizing pseudo noise code sequence with 
a predetermined frame period, a predetermined 
initial value, and a controllable frame phase; 

transmission pseudo noise code sequence 
supplying means (99) for supplying said 
synchronizing pseudo noise code sequence as a 
transmission pseudo noise code sequence to said 
closed-loop transmission line (42); 

reception pseudo noise code sequence receiv- 
ing means (102) for receiving from said closed- 
loop transmission line (42), as a reception pseudo 
noise code sequence having a delayed frame 
phase, the transmission pseudo noise code 
sequence having once circulated through said 
closed-loop transmission line (42); 

frame phase comparing means (133) for 
comparing said controllable frame phase with 
said delayed frame phase to produce a phase 
difference signal representative of a phase 
difference between said controllable and said 
delayed frame phases; 

reception pseudo noise code sequence supply- 
ing means (132) for supplying said reception 
pseudo noise code sequence to said frame phase 
comparing means (133); and 

control means (95) responsive to said phase 
difference signal for controlling said syn- 
chronizing pseudo noise code sequence generat- 
ing means (96) to synchronize said controllable 
frame phase to said delayed frame phase. 



6. A transmitter-receiver (Fig. 9) as claimed in 
Claim 5, wherein: 

said reception pseudo noise code sequence 
supplying means comprises: 

local pseudo noise code sequence generating 
means responsive to said reception pseudo noise 
code sequence for generating a local pseudo 
noise code sequence with said predetermined 
frame period and with said predetermined initial 
value so as to be put in a synchronized state 
relative to said reception pseudo noise code 
sequence and to have said delayed frame phase; 
and 

means for supplying said local pseudo noise 
code sequence to said frame phase comparing 
means; 

said reception pseudo noise code sequence 
receiving means receiving an input spread 
spectrum signal multiplexed with said reception 
pseudo noise code sequence, said input spread 
spectrum signal being one of said first and 
second spread spectrum signal: 

said transmitter-receiver further comprising: 

synchronism monitoring means coupled to said 
local pseudo noise code sequence generating 
means for monitoring said synchronized state to 
produce a switching signal having a first and a 
second value when said local pseudo noise code 
sequence is in and out of said synchronized state, 
respectively; 

a first-stage and a second-stage multiplier; 

first switching means responsive to said switch- 
ing signal for making said first-stage multiplier 
multiply said input spread spectrum signal by 
said local pseudo noise code sequence to product 
a first-stage multiplier output signal only when 
said switching signal has said first value; 

a bypass filter for rejecting a d.c. component 
from said first-stage multiplier output signal to 
produce a d.c. component rejected signal; and 

second switching means responsive to said 
switching signal for making said second-stage 
multiplier multiply said d.c. component rejected 
signal by said local pseudo noise code sequence 
to produce a substantial reproduction of said 
input spread spectrum signal only when said 
switching signal has said first value; 

said transmission pseudo noise code sequence 
supplying means supplying said substantial 
reproduction multiplexed with said transmission 
pseudo noise code sequence. 

7. A transmitter-receiver (Fig. 9) as claimed in 
Claims 5 or 6, said different pseudo noise code 
sequence being assigned to said specific 
modems, respectively, said first pseudo noise 
code sequence being the pseudo noise code 
sequence assigned to said one specific modem, 
said transmission information signal being for 
reception by a preselected one of said remaining 
specific modems, said second pseudo noise code 
sequence being the pseudo noise code sequence 
assigned to said preselected modem, wherein 
said combining means comprises: 

low frequency component rejecting means for 
rejecting said low frequency component from 
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said first multiplied signal to produce a low 
frequency component rejected signal; 

third multiplying means for multiplying said 
low frequency component rejected signal by the 
first pseudo noise code sequence generated by 
said pseudo noise code sequence generating 
means to produce a third multiplied signal; and 

adding means for adding said second and said 
third multiplied signals into said transmission 
spread spectrum signal. 

8. A transmitter-receiver (Fig. 9) as claimed in 
Claims 5 or 6, said different pseudo noise code 
sequences being a plurality of different maximum 
length code sequences generated by clocks 
having a predetermined clock period in 
compliance with a single generating polynomial 
and with different initial values, respectively, said 
synchronizing pseudo noise code sequence being 
a synchronizing maximum length code sequence 
generated by clocks having said predetermined 
clock period in compliance with a different 
generating polynomial specifying said pre- 
determined frame period and with said pre- 
determined initial value, said different maximum 
length code sequences being assigned to said 
one and said remaining specific modems, respec- 
tively, said first pseudo noise code sequence 
being a first of said maximum length code 
sequences that is assigned to said one specific 
modem, said transmission information signal 
being for reception by a preselected one of said 
remaining specific modems, wherein: 

said pseudo noise code sequence generating 
means is for generating a second of said different 
maximum length code sequences as said second 
pseudo noise code sequence that is selected in 
consideration of said preselected modem; 

said combining means comprising: 

low frequency component rejecting means for 
rejecting said low frequency component from 
said first multiplied signal to produce a low 
frequency component rejected signal; and 

adding means for adding said low frequency 
component rejected signal and said second 
multiplied signal into said transmission spread 
spectrum signal. 

9. A transmitter-receiver (Fig. 9) as claimed in 
Claims 5 or 6, said different pseudo noise code 
sequences being a plurality of different maximum 
length code sequences generated by clocks 
having a predetermined clock period in 
compliance with a single generating polynomial 
and with different initial values, respectively, said 
synchronizing pseudo noise code sequence being 
a synchronizing maximum length code sequence 
generated by clocks having said predetermined 
clock period in compliance with a different 
generating polynomial specifying said pre- 
determined frame period and with said pre- 
determined initial value, said different maximum 
length code sequences being assigned to said 
one and said remaining specific modems, respec- 
tively, said first pseudo noise code sequence 
being a first of said different maximum length 
code sequences that is assigned to said one 



specific modem, said transmission information 
signal being for reception by a preselected one of 
said remaining specific modems, wherein: 
said pseudo noise code sequence generating 
5 means is for generating a second of said different 
maximum length code sequences as said second 
pseudo noise code sequence that is selected in 
consideration of said preselected modem; 
said combining means comprising: 
to adding means for adding said first and said 
second multiplied signals into a sum signal; and 
low frequency component rejecting means for 
rejecting at least said low frequency component 
from said sum signal to produce said trans- 
15 mission spread spectrum signal. 

10. A transmitter-receiver (Fig. 14) as claimed in 
Claim 1, said transmission line comprising a 
closed-loop transmission line, said modems 
comprising a plurality of specific modems 

20 coupled to said closed-loop transmission line, 
said different pseudo noise code sequences 
excepting a predetermined one thereof being 
assigned to said specific modems, respectively, 
said predetermined pseudo noise code sequence 

25 being assigned in common to said specific 
modems, said each modem being each of said 
specific modems, said first pseudo noise code 
sequence being the pseudo noise code sequence 
assigned to said each specific modem, said 

30 second pseudo noise code sequence being the 
pseudo noise code sequence assigned to a pre- 
selected one of said specific modems, said each 
specific modem being operable in a selected one 
of a communicating mode of transmitting said 

35 transmission information signal to said pre- 
selected modem and receiving said particular 
information signal from said preselected modem, 
a carrier sensing mode of sensing whether said 
second pseudo noise code sequence is present or 

40 absent in said first spread spectrum signal, a 
broadcast transmitting mode of transmitting said 
transmission information signal to others of said 
specific modems as said second spread spectrum 
signal, and a broadcast receiving, mode of receiv- 

45 ing a broadcast spread spectrum signal supplied 
thereto as said first spread spectrum signal, 
wherein: 

said pseudo noise code sequence generating 
means comprises: 

so first pseudo noise code sequence generating 
means for generating said predetermined and 
said first pseudo noise code sequences as said at 
least one pseudo noise code sequence in said 
broadcast transmitting mode and in each of said 

55 broadcast receiving, said carrier sensing, and said 
communicating modes, respectively; and 

second pseudo noise code sequence 
generating means for generating said pre- 
determined and said second pseudo noise code 

6o sequences as said at least one pseudo noise code 
sequence in each of said broadcast receiving and 
transmitting modes and in each of said carrier 
sensing and said communicating modes, respec- 
tively; 

65 said first multiplying means being for further 
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multiplying said first spread spectrum signal by 
the pseudo noise code sequence generated by 
said first pseudo noise code sequence generating 
means as said predetermined pseudo noise code 
sequence to produce said first multiplied signal; 

said second multiplying means being for 
further multiplying said input signal by the 
pseudo noise code sequence generated by said 
second pseudo noise code sequence generating 
means as said predetermined pseudo noise code 
sequence to produce said second multiplied 
signal; 

said transmitter-receiver further comprising 
control signal producing means for producing a 
control signal having a first and a second value in 
each of said broadcast receiving and said carrier 
sensing modes and in each of said broadcast 
transmitting and said communicating modes, 
respectively; 

said transmission information signal supplying 
means comprising a first switch responsive to the 
control signal of said first value for supplying said 
reception spread spectrum signal to said second 
multiplying means as said input signal and 
responsive to the control signal of said second 
value for supplying said transmission information 
signal to said second multiplying means as said 
input signal; 

said combining means comprising; 

low frequency component rejecting means for 
rejecting said low frequency component from 
said first multiplied signal to produce a low 
frequency component rejected signal; 

third multiplying means for multiplying said 
low frequency component rejected signal by the 
pseudo noise code sequence generated by said 
first pseudo noise code sequence generating 
means as either of said predetermined and said 
first pseudo noise code sequences to produce a 
third multiplied signal; 

adding means for adding said first multiplied 
signal and an addend signal into said trans- 
mission spread spectrum signal; and 

a second switch responsive to the control signal 
of said first value for supplying no signal to said 
adding means as said addend signal and instead 
producing said second multiplied signal as a 
switch output signal and responsive to the control 
signal of said second value for supplying said 
second multiplied signal to said adding means as 
said addend signal; 

said transmitter-receiver still further 
comprising means responsive to said switch 
output signal for reproducing the particular 
information signal included in said broadcast 
spread spectrum signal and for sensing whether 
said second pseudo noise code sequence is 
present or absent in said first spread spectrum 
signal. 

11. A transmitter-receiver (Fig. 15) as claimed in 
Claim 1 said different pseudo noise code 
sequences being generated by clocks having a 
predetermined clock period in compliance with a 
single generating polynomial with different initial 
values, respectively, said predetermined clock 



period defining a predetermined frequency band, 
said transmission information signal being for 
reception by a preselected one of said modems, 
wherein: 

said predetermined frequency band is made to 
comprise first through l-th partial frequency 
bands having a substantially common partial 
bandwidth and not substantially overlapping 
each other, where I represents a predetermined 
integer greater than unity; 

said modems being classified into first through 
l-th groups, each group consisting of at least two 
of said modems, said first through said l-th partial 
frequency bands being allotted to said first 
through said l-th groups, respectively, different 
ones of said different pseudo noise code 
sequences being assigned to the respective 
modems in each group, said each modem being a 
modem in a group allotted with a particular one of 
said partial frequency bands, said preselected 
modem being a modem in a group allotted with a 
preselected one of said partial frequency bands, 
said first spread spectrum signal comprising a 
.particular spread spectrum component in said 
particular partial frequency band; 

said reception spread spectrum signal 
producing means comprising means for extract- 
ing said particular spread spectrum component 
from said first spread spectrum signal as said 
reception spread spectrum signal; 

said combining means comprising: 

first through l-th filters having passbands at 
said first through said l-th partial frequency 
bands, respectively; 

means for selecting one of said first through 
said l-th filters that has a passband at said 
preselected partial frequency band, said selected 
filter being responsive to said second multiplied 
signal for producing a partial band spread 
spectrum signal in said preselected partial fre- 
quency band; 

particular spread spectrum component reject- 
ing means for rejecting said particular spread 
spectrum component from said first spread 
spectrum signal to produce a particular spread 
spectrum component rejected signal; and 

composing means for composing said first 
multiplied signal, said partial band spread 
spectrum signal, and said particular spread 
spectrum component rejected signal into said 
transmission spread spectrum signal with said 
low frequency component rejected from said first 
multiplied signal. 

12. A transmitter-receiver {Fig. 15) as claimed in 
Claim 11, said transmission line comprising a 
closed-loop transmission line, the modems of 
said first through said l-th groups comprising a 
plurality of specific modems coupled to said 
closed-loop transmission line, each of. said first 
through said l-th groups consisting of at least two 
of said specific modems, different ones of said 
different pseudo noise code sequences being 
assigned to the specific modems in each group, 
respectively, said each modem being a specific 
modem that is in the group allotted with said 
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particular partial frequency band and that is 
assigned with said first pseudo noise code 
sequence, said preselected modem being a 
specific modem that is in the group allotted with 
said preselected partial frequency band and that 
is assigned with said second pseudo noise code 
sequence, wherein suid composing means 
comprises: 

low frequency component rejecting means for 
rejecting said low frequency component from 
said first multiplied signal to produce a low 
frequency component rejected signal; 

third multiplying means for multiplying said 
low frequency component rejected signal by the 
first pseudo noise code sequence generated by 
said pseudo noise code sequence generating 
means to produce a third multiplied signal; and 

adding means for adding said third multiplied 
signal, said partial band spread spectrum signal, 
and said particular spread spectrum component 
rejected signal into said transmission spread 
spectrum signal. 

13. A transmitter-receiver (Fig. 17) as claimed in 
Claims 11 or 12, said first spread spectrum signal 
including a synchronizing pseudo noise code 
sequence generated by clocks having said pre- 
determined clock period in compliance with a 
different generating polynomial and with a pre- 
determined initial value, wherein said transmitter- 
receiver further comprises; 

synchronizing signal regenerating means 
responsive to said reception spread spectrum 
signal for regenerating said synchronizing 
pseudo noise code sequence; and 

means for supplying said regenerated 
synchronizing pseudo noise code sequence to 
said pseudo noise code sequence generating 
means to synchronize the first pseudo noise code 
sequence generated thereby to the first pseudo 
noise code sequence carrying said particular 
information signal in said first spread spectrum 
signal; 

said composing means producing said trans- 
mission spread spectrum signal with the 
synchronizing pseudo noise code sequence 
included in said first spread spectrum signal 
substantially included therein. 

14. A transmitter-receiver (Fig. 15) as claimed in 
Claim 11, said transmission line comprising a 
closed-ioop transmission line, the modems of 
said first through said l-th groups comprising a 
plurality of specific modems coupled to said 
closed-loop transmission line, each of said first 
through said I-th groups consisting of at least two 
of said specific modems, said different pseudo 
noise code sequences being a plurality of 
different maximum length code sequences 
generated by clocks having said predetermined 
clock period in compliance with a single 
generating polynomial and with said different 
initial values, respectively, different ones of said 
maximum length code sequences being assigned 
to the specific modems in each group, respec- 
tively, said first pseudo noise code sequence 
being a first of said maximum length code 



sequences, said each modem being a specific 
modem that is in the group allotted with said 
particular partial frequency band and that is 
assigned with said first maximum length code 
5 sequence, said preselected modem being a 
specific modem that is in the group allotted with 
said preselected partial frequency band, wherein: 
said pseudo noise code sequence generating 
means is for generating a second of said 

w maximum length code sequences as said second 
pseudo noise code sequence that is selected in 
consideration of said preselected modem; 
said composing means comprising: 
low frequency component rejecting means for 

75 rejecting said low frequency component from 
said first multiplied signal to produce a low 
frequency component rejected signal; and 

adding means for adding said low frequency 
component rejected signal, said partial band 

20 spread spectrum signal, and said particular 
spread spectrum component rejected signal into 
said transmission spread spectrum signal. 

15. A transmitter-receiver (Fig. 15) as claimed in 
Claim 1, said transmission line comprising a 

25 closed-loop transmission line, said modems 
comprising a plurality of specific modems 
coupled to said closed-loop transmission line, 
said different pseudo noise code sequences being 
a plurality of different maximum length code 

30 sequences generated by clocks having a pre- 
determined clock period in compliance with a 
single generating polynomial and with different 
initial values, respectively, said predetermined 
clock period defining a predetermined frequency 

35 band, said transmission information signal being 
for reception by a preselected one of said specific 
modems, wherein: 

said predetermined frequency band is made to 
comprise first through l-th partial frequency 

40 bands having a substantially common partial 
bandwidth and not substantially overlapping 
each other, where I represents a predetermined 
integer greater than unity; 
said specific modems being classified into first 

45 through l-th groups, each group consisting of at 
least two of said specific modems, said first 
through said l-th partial frequency bands being 
allotted to said first through said l-th groups, 
respectively, different ones of said maximum 

so length code sequences being assigned to the 
specific modems in each group, respectively, said 
first pseudo noise code sequence being a first of 
said maximum length code sequences, said each 
modem being a specific modem that is in a group 

55 allotted with a particular one of said partial 
frequency bands and that is assigned with said 
first maximum length code sequence, said pre- 
selected modem being in a group allotted with a 
preselected one of said partial frequency bands, 

so said first spread spectrum signal comprising a 
particular spread spectrum component in said 
particular partial frequency band; 

said reception spread spectrum signal 
producing means comprising means for extract- 

65 ing said particular spread spectrum component 
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from said first spread spectrum signal as said 
reception spread spectrum signal; 

said pseudo noise code sequence generating 
means being for generating a second of said 
maximum length code sequences as said second 
pseudo noise code sequence that is selected in 
consideration of said preselection modem; 

said combining means comprising: 

adding means for adding said first and said 
second multiplied signals into a sum signal; 

low frequency component rejecting means for 
rejecting at least said low frequency component 
from said sum signal to produce a low frequency 
component rejected signal; 

first through l-th filters having passbands at 
said first through said l-th partial frequency 
bands, respectively; 

means for selecting one of said first through 
said l-th filters that has a passband at said 
preselected partial frequency band, said selected 
filter being responsive to said low frequency 
component rejected signal for producing a partial 
band spread spectrum signal in said preselected 
partial frequency band; 

particular spread spectrum component reject- 
ing means for rejecting said particular spread 
spectrum component from said first spread 
spectrum signal to produce a particular spread 
spectrum component rejected signal; and 

composing means for composing said low 
frequency component rejected signal, said partial 
band spread spectrum signal, and said particular 
spread spectrum component rejected signal into 
said transmission spread spectrum signal. 

16. A transmitter-receiver (Fig. 17) as claimed in 
Claims 14 or 15, said first spread spectrum signal 
including a synchronizing maximum length code 
sequence generated by clocks having said pre- 
determined clock period in compliance with a 
different generating polynomial and with a pre- 
determined initial value, wherein said transmitter- 
receiver further comprises: 

synchronizing signal regenerating means 
responsive to said reception spread spectrum 
signal for regenerating said synchronizing 
maximum length code sequence; and 

means for supplying said regenerated 
synchronizing maximum length code sequence to 
said pseudo noise code sequence generating 
means to synchronize the first maximum length 
code sequence generated thereby to the first 
maximum length code sequence carrying said 
particular information signal in said first spread 
spectrum signal; 

said composing means producing said 
transmission spread spectrum signal with the 
synchronizing maximum length code sequence 
included in said first spread spectrum signal 
substantially included therein. 

17. A transmitter-receiver (Fig. 15) as claimed in 
any one of Claims 11, 12, 14 and 15, wherein: 

said predetermined frequency band is made to 
further comprise a synchronizing signal trans- 
mission band at a center portion of said pre- 
determined frequency band so as not sub- 



stantially overlap said first through said l-th 
partial frequency bands, said first spread 
spectrum signal including a synchronizing signal 
in said synchronizing signal transmission band; 

said reception spread spectrum signal 
producing means further comprising: 

a band-pass filter having a passband at said 
synchronizing signal transmission band for 
deriving said synchronizing signal from said first 
spread spectrum signal; and 

means for supplying said derived syn- 
chronizing signal to said pseudo noise code 
sequence generating means to synchronize the 
first pseudo noise code sequence generated 
thereby to the first pseudo noise code sequence 
carrying said particular information signal in said 
first spread spectrum signal; 

said composing means producing said 
particular spread spectrum component rejected 
signal with the synchronised signal included in 
said first spread spectrum signal included therein. 

18. A transmitter-receiver (Fig. 29) as claimed in 
Claim 1, said modems dealing with information 
signals of a plurality of different data clock 
periods, each of said particular and said trans- 
mission information signals having one of said 
different data clock periods, wherein: 

said different pseudo noise code sequences 
consist of pseudo noise code sequences of a first 
through a Q-th family, where Q represents a 
predetermined integer greater than unity, said 
first-family pseudo noise code sequences being 
for at least one of said modems that deals with 
information signals of a shortest of said different 
data clock periods, said Q-th-family pseudo noise 
code sequences being for at least one of said 
modems that deals with information signals of a 
longest of said different data clock periods, said 
first-family through said Q-th-family pseudo noise 
code sequences being given by pseudo noise 
code sequences of a first through a Q-th kind as 
will presently be defined, said first-kind pseudo 
noise code sequences being generated by clocks 
having a first clock period in compliance with a 
first generating polynomial specifying a first 
frame period not longer than said shortest data 
clock period and with different initial values, 
respectively, the q-th-kind pseudo noise code 
sequences being generated by clocks having a 
q-th clock period in compliance with a q-th 
generating polynomial specifying a q-th frame 
period and with different initial values, respec- 
tively, where q represents an integer between two 
and Q, both inclusive, said q-th clock period being 
equal to an integral multiple of the (q-1)-th frame 
period, said integral multiple being selected from 
natural numbers for each of the second through 
the Q-th clock periods, the Q-th frame period 
being not longer than said longest data clock 
period, said first-family pseudo noise code 
sequences being given by those of said first-kind 
pseudo noise code sequences, respectively, 
which are preselected with at least one first-kind 
pseudo noise code sequence left remaining, each 
of the q-th-family pseudo noise code sequences 
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being given by a product of a first through a q-th 
component pseudo noise code sequence, the first 
through the (q-1)-th component pseudo noise 
code sequences being those preselected one 
from the at least one remaining pseudo noise 
code sequences of each of the first through the 
(q-1)-th kinds, the q-th component pseudo noise 
code sequence being one preselected from the 
q-th-kind pseudo noise code sequences with at 
least one q-th-kind pseudo noise code sequence 
left remaining unless q is equal to Q, each 
component pseudo noise code sequence used to 
provide said product being preselected so as not 
to be in duplication with any one of the 
component pseudo noise code sequences used to 
provide the products for others of said q-th family 
pseudo noise code sequences; 

said pseudo noise code sequence generating 
means being for generating at least one q'-th- 
family pseudo noise code sequence as said first 
and said second pseudo noise code sequences, 
where q' represents an integer selected between 
unity and Q, both inclusive, so that the q'-th frame 
period be not longer than said one data clock 
period and nearest thereto among said first 
through said Q-th frame periods. 

19. A transmitter-receiver {Fig. 29) as claimed in 
Claim 18, said transmission line comprising a 
closed-loop transmission line, said modems 
comprising a plurality of specific modems 
coupled to said closed-loop transmission line, 
said first-family through said Q-th-family pseudo 
noise code sequences being assigned to said 
specific modems according to the data clock 
periods of information signals thereby dealt with, 
said each modem being each of said specific 
modems, said first pseudo noise code sequence 
being a first of said q'-th-fa'mily pseudo noise 
code sequences that is assigned to said each 
specific modem, said transmission- information 
signal being for reception by a preselected one of 
said specific modems that deals with information 
signals of said one data clock period, said second 
pseudo noise code sequence being a second of 
said q'-th-family pseudo noise code sequences 
that is assigned to said preselected modem, 
wherein said combining means comprises: 

low frequency component rejecting means for 
rejecting said low frequency component from 
said first multiplied signal to produce a low 
frequency component rejected signal; 

third multiplying means for multiplying said 
low frequency component rejected signal by the 
first g'-th-family pseudo noise code sequence to 
produce a third multiplied signal; and 

adding means for adding said second and said 
third multiplied signals into said transmission 
spread spectrum signal. 

20. A transmitter-receiver (Fig. 31) as claimed in 
Claim 1, said modems dealing with information 
signals of a plurality of different data . clock 
periods, each of said particular and said trans- 
mission information signals having one of said 
different data clock periods, wherein: 

said different pseudo noise code sequences 



consist of pseudo noise code sequences of a first' 
through a Q-th family, where Q represents a 
predetermined integer greater than unity, said 
first-family pseudo noise code sequences being 
5 for at least one of said modems that deals with 
information signals of a shortest of said different 
data clock periods, said Q-th-family pseudo noise 
code sequences being for at least one of said 
modems that deals with information signals of a 

J0 longest of said different data clock periods, said 
first-family through said Q-th-family pseudo noise 
code sequences being given by pseudo noise 
code sequences of a first through a Q-th kind as 
will presently be defined, said first-kind pseudo 

75 noise code sequences being generated by clocks 
having a first clock period in compliance with a 
first generating polynomial specifying a first 
frame period not longer than said shortest data 
clock period and with different initial values, 

2Q respectively, the q-th-kind pseudo noise code 
sequences being generated by clocks having a 
q-th clock period in compliance with a q-th 
generating polynomial specifying a q-th frame 
period and with different initial values, respec- 

25 tively, where q represents an integer between two 
and Q, both inclusive, said q-th clock period being 
equal to an integral multiple of the (q-1)-th frame 
period, said integral multiple being selected from 
natural numbers for each of the second through 

30 the Q-th clock periods, the Q-th frame period 
being not longer than said longest data clock 
period, said first-family pseudo noise code 
sequences being given by combinations of a first 
set, respectively, each first-set combination 

35 consisting of only one pseudo noise code 
sequence preselected from said first-kind pseudo 
noise code sequence with at least one first-kind 
pseudo noise code sequence left remaining, each 
of the q-th-family pseudo noise code sequences 

40 being given by a product of a first through'a q-th 
component pseudo noise code sequence, the first 
through the (q-1)-th component pseudo noise 
code sequences being those * preselected one 
from the at least one remaining pseudo noise 

45 code sequences of each of the first through the 
(q-1)-th kinds, the q-th component pseudo noise 
code sequence being one preselected from, the 
q-th-kind pseudo noise Gode sequences with at 
least one q-th-kind pseudo noise code sequence 

50 left remaining unless. is equal to Q, each of said 
first through said q-th component pseudo noise 
code sequences used to provide said product 
being preselected so. as not to be'in duplication 
with' any one of the first through the q-th 

55 component pseudo noise code sequences which 
are used to provide the products for others of said 
q-th-family pseudo noise code sequences; 

said pseuda noise code sequence generating 
means being for generating at least one 

eo component pseudo noise code sequence of the 
q'-th-set combination for use as said f irst.and said 
second pseudo noise code sequences, where q' 
represents an integer selected between unity and 
Q, both inclusive, so that the q'-th frame period be 

55 not longer than said one data clock period and be 
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nearest thereto among said first through said Q-th 
frame periods; 

said first multiplying means comprising means 
for producing said first multiplied signal by 
multiplying said reception spread spectrum 
signal in a predetermined order by the at least 
one component pseudo noise code sequence of 
said q'-th-set combination for use as said first 
pseudo noise code sequence; 

said second multiplying means comprising 
means for producing said second multiplied 
signal by multiplying said transmission informa- 
tion signal in a preselected order by at least one 
component pseudo noise code sequence of said 
q'-th-set combination for use as said second 
pseudo noise code sequence. 

21 . A transmitter-receiver (Fig. 32) as claimed in 
Claim 20, said transmission line comprising a 
closed-loop transmission line, said modems 
comprising a plurality of specific modems 
coupled to said closed-loop transmission line, 
said first-family through said Q-th-family pseudo 
noise code sequences being assigned to said 
specific modems, respectively, according to the 
data clock periods of information signals thereby 
dealt with, said each modem being each of said 
specific modems, said first pseudo noise code 
sequence being a first of the q'-th-fami!y pseudo 
noise code sequences that is assigned to said 
each specific modem, said transmission informa- 
tion signal being for reception by a preselected 
one of said specific modems that deals with 
information signals of said one data clock period, 
said second pseudo noise code sequence being a 
second of said q'-th-family pseudo noise code 
sequence that is assigned to said preselected 
modem, wherein said combining means 
comprises: 

low frequency component rejecting means for 
rejecting said low frequency component from 
said first multiplied signal to produce a low 
frequency component rejected signal; 

third multiplying means for multiplying said 
low frequency component rejected signal in said 
preselected order by the at least one component 
pseudo noise code sequence of said q'-th-set 
combination for use as said first pseudo noise 
code sequence, said third multiplying means 
thereby producing a third multiplied signal; and 

adding means for adding said second and said 
third multiplied signals into said transmission 
spread spectrum signal. 

22. A transmitter-receiver (Fig. 34) as claimed in 
Claim 1 and being further responsive to a first 
time' division multiplex signal comprising a 
particular bit sequence and received through said 
transmission line for reproducing said particular 
bit sequence and responsive to an input informa- 
tion signal for supplying said transmission line 
with a second time division multiplex signal 
comprising a transmission bit sequence 
representative of said input information signal, 
said different pseudo noise code sequences being 
generated by clocks having a predetermined clock 
period in compliance with a single generating 



polynomial and with different initial values, 
respectively, said predetermined clock period 
defining a predetermined frequency band, 
wherein: 

said predetermined frequency band is divided 
into an upper and a lower frequency band, said 
upper frequency band being not narrower than 
about a fifth of said predetermined frequency 
band and being for transmitting the first and the 
second spread spectrum signals having a fre- 
quency band restricted to said upper frequency 
band, said lower frequency band being for trans- 
mitting the first and the second time division 
multiplex signals having a frequency band 
restricted to said lower frequency band; 

said reception spread spectrum signal 
producing means comprising an input high-pass 
filter responsive to said first band restricted 
spread spectrum signal for producing said recep- 
tion spread spectrum signal; 

said second spread spectrum signal supplying 
means comprising an output high-pass filter 
responsive to said transmission spread spectrum 
signal for producing said second band restricted 
spread spectrum signal as said second spread 
spectrum signal; 

said transmiter-receiver further comprising: 

an input low-pass filter responsive to said first 
band restricted time division multiplex signal for 
producing a received time division multiplex 
signal; 

means responsive to said received time 
division multiplex signal for separating said 
particular bit sequence from other bit sequences 
comprised by said received time division 
multiplex signal to reproduce said particular bit 
sequence; 

means responsive to said input information 
signal for producing said transmission bit 
sequence; 

means for multiplexing said transmission and 
said other bit sequences into a transmission time 
division multiplex signal, and 

an output low-pass filter responsive to said 
transmission time division multiplex signal for 
producing said second band restricted time 
division multiplex signal. 

23. A transmitter-receiver (Fig. 24) for use in a 
spread spectrum multiplex communication 
network comprising an up and a down trans- 
mission line and a plurality of modems coupled to 
said up and said down transmission lines, said 
transmitter-receiver being comprised by each of 
said modems to be responsive to a first spread 
spectrum signal received from said down trans- 
mission line and comprising a spread spectrum 
signal into which a first of a plurality of different 
pseudo noise code sequences is modulated by a 
particular information signal for reproducing said 
particular information signal and to be responsive 
to a transmission information signal for supplying 
towards a preselected one of said modems 
through said up transmission line a second 
spread spectrum signal comprising a spread 
spectrum signal into which a second of said 
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pseudo noise code sequences is modulated by 
said transmission information signal, said 
transmitter-receiver including reception spread 
spectrum signal producing means responsive to 
said first spread spectrum signal for producing a 
reception spread spectrum signal, pseudo noise 
code sequence generating means for generating 
at least one of said different pseudo noise code 
sequences as said first and said second pseudo 
noise code sequences, first multiplying means for 
multiplying said reception spread spectrum 
signal by the first pseudo noise code sequence 
generated by said pseudo noise code sequence 
generating means to produce a first multiplied 
signal, low frequency component extracting 
means for extracting a low frequency component 
from said first multiplied signal to produce a low 
frequency signal, means responsive to said low 
frequency signal for producing said particular 
information signal, second multiplying means for 
multiplying said transmission information signal 
by the second pseudo noise code sequence 
generated by said pseudo noise code sequence 
generating means to produce a second multiplied 
signal, and second spread spectrum signal 
supplying means for supplying said second 
multiplied signal as said second spread spectrum 
signal to said up transmission line, said different 
pseudo noise code sequences being generated by 
clocks having a predetermined clock period in 
compliance with a single generating polynomial 
and with different initial values, respectively, said 
predetermined clock period defining a pre- 
determined frequency band, characterized in that: 
said predetermined frequency band is made to 
comprise first through l-th partial frequency 
bands having a substantially common partial 
bandwidth and not substantially overlapping 
each other, where I represents a predetermined 
integer greater than unity- 
said modems being classified into first through 
l-th groups, each group onsisting of at least two of 
said modems, said first through said l-th partial 
frequency bands being allotted to said first 
through said l-th groups, respectively, different 
ones of said different pseudo noise code 
sequences being assigned to the respective 
modems in each group, said each modem being a 
modem in a group allotted with a particular one of 
said partial frequency bands, said preselected 
modem being a modem in a group allotted with a 
preselected one of said partial frequency bands, 
said first spread spectrum signal comprising a 
particular spread spectrum component in said 
particular partial frequency band; 

said reception spread spectrum signal 
producing means comprising means for extract- 
ing said particular spread spectrum component 
from said first spread spectrum signal as said 
reception spread spectrum signal; 

said second spread spectrum signal supplying 
means comprising: 

first through l-th filters having passbands at 
said first through said l-th partial frequency 
bands, respectively; and 



means for selecting one of said first through 
said l-th filters that has a passband at said 
preselected partial frequency band, said selected 
filter being responsive to said second multiplied 
5 signal for producing said second spread spectrum 
signal in said preselected partial frequency band. 

24. A transmitter-receiver (Fig. 24) as claimed in 
Claim 23, wherein: 
said predetermined frequency band is made to 

jo further comprise a synchronizing signal trans- 
mission band at a center portion of said pre- 
determined frequency band so as not sub- 
stantially overlap said first through said l-th 
partial frequency bands, said first spread 

75 spectrum signal including a synchronizing signal 
in said synchronizing signal transmission band; 

said reception spread spectrum signal 
producing means further comprising: 
a band-pass filter having a passband at said 

20 synchronizing signal transmission band for 
deriving said synchronizing signal from said first 
spread spectrum signal; and 

means for supplying said derived syn- 
chronizing signal to said pseudo noise code 

25 sequence generating means to synchronize the 
first pseudo noise code sequence generated 
thereby to the first pseudo noise code sequence 
carrying said particular information signal in said 
first spread spectrum signal. 

3 o 25. A transmitter-receiver (Fig. 29) for use in a 

spread spectrum multiplex communication 
network comprising an up and a down trans- 
mission line and a plurality of modems coupled to 
said up and said down transmission lines and 

35 dealing with information signals of a plurality of 
different data clock periods, said trans- 
mitter-receiver being comprised by a modem 
dealing with information signals of one of said 
different data clock periods to be responsive to a 

40 first spread spectrum signal received from said 
down transmission line and comprising a spread 
spectrum signal into which a first of different 
pseudo noise code sequences is modulated by a 
particular information signal having said one data 

45 clock period for reproducing said particular 
information signal and to be responsive to a 
transmission information signal having said one 
data clock period for supplying towards a pre- 
selected one of the modems dealing with 

so information signals of said one data clock period 
through said up transmission line a second 
spread spectrum signal comprising a spread 
spectrum signal into which a second of said 
pseudo noise code sequences is modulated by 

55 said transmission information signal, said 
transmitter-receiver including reception spread 
spectrum signal producing means responsive to 
said first spread spectrum signal for producing a 
reception spread spectrum signal, pseudo noise 

60 code sequence generating means for generating 
at least one of said different pseudo noise code 
sequences as said first and said second pseudo 
noise code sequences, first multiplying means for 
multiplying said reception spread spectrum 

65 signal by the first pseudo noise code sequence 
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generated by said pseudo noise code sequence 
generating means to produce a first multiplied 
signal, low frequency component extracting 
means for extracting a low frequency component 
from said first multiplied signal to produce a low 
frequency signal, means responsive to said low 
frequency signal for producing said particular 
information signal, second multiplying means for 
multiplying said transmission information signal 
by the second pseudo noise code sequence 
generated by said pseudo noise code sequence 
generating means to produce a second multiplied 
signal, and second spread spectrum signal 
supplying means for supplying said second 
multiplied signal as said second spread spectrum 
signal, characterized in that: 

said different pseudo noise code sequences 
consist of pseudo noise code sequences of a first 
through a Q-th family, where Q represents a 
predetermined integer greater than unity, said 
first-family pseudo noise code sequences being 
for at least one modem dealing with information 
signals of a shortest of said different data clock 
periods, said Q-th-family pseudo noise code 
sequences being for at least one modem dealing 
with information signals of a longest of said 
different data clock rates, said first-family through 
said Q-th-family pseudo noise code sequences 
being given by pseudo noise code sequences of a 
first through a Q-th kind as will presently be 
defined, said first-kind pseudo noise code 
sequences being generated by clocks having a 
first clock period in compliance with a first 
generating polynomial specifying a first frame 
period no longer than said shortest data clock 
period and with different initial values, respec- 
tively, the q-th-kind pseudo noise code sequences 
being generated by clocks having a q-th clock 
period in compliance with a q-th generating 
polynomial specifying a q-th frame period and 
with different initial values, respectively, where q 
represents an integer between two and Q, both 
inclusive, said q-th clock period being equal to an 
integral multiple of the (q-1)-th frame period said 
integral multiple being selected from natural 
numbers for each of the second through the Q-th 
clock periods, the Q-th frame period being not 
longer than said longest data clock period, said 
first-family pseudo noise code sequences being 
given by those of said first-kind pseudo noise 
code sequences, respectively, which are pre- 
selected with at least one first-kind pseudo noise 
code sequence left remaining, each of the q-th- 
family pseudo noise code sequences being given 
by a product of a first through a q-th component 
pseudo noise code sequences, the first through 
the (q— 1)-th component pseudo noise code 
seequences being those preselected one from the 
at least one remaining pseudo noise code 
sequence of each of the first through the (q-1)-th 
kinds, the q-th component pseudo noise code 
sequence being one preselected from the q-th- 
kind pseudo noise code sequences with at least 
one q-th-kind pseudo noise code sequence left 
remaining unless q is equal to Q, each of said first 



through said q-th component pseudo noise code 
sequences used to provide said product being 
preselected so as not to be in duplication with any 
one of the first through the q-th component 
pseudo noise code sequences used to provide the 
products for others of said q-th-family pseudo 
noise code sequences; 

said pseudo noise code sequence generating 
means being for generating at least one q'-th- 
family pseudo noise code sequence as said first 
and said second pseudo noise code sequences, 
where q f represents an integer selected between 
unity and Q, both inclusive, so that the q'-th frame 
period be not longer than said one data clock 
period and be nearest thereto among said first 
through said Q-th frame periods. 

26. A transmitter-receiver (Fig. 31) for use in a 
spread spectrum multiplex communication net- 
work comprising an up and a down transmission 
line and a plurality of modems coupled to said up 
and said down transmission lines and dealing 
with information signals of a plurality of different 
data clock periods, said transmitter-receiver being 
comprised by a modem dealing with information 
signals of one of said different data clock periods 
to be responsive to a first spread spectrum signal 
received from said down transmission line and 
comprising a spread spectrum signal into which a 
first of different pseudo noise code sequences is 
modulated by a particular information signal 
having said one data clock period for reproducing 
said particular information signal and to be 
responsive to a transmission information signal 
having said one data clock period for supplying 
towards a preselected one of the modems dealing 
with information signals of said one data clock 
period through said up transmission line a second 
spread spectrum signal comprising a spread 
spectrum signal into which a second of said 
pseudo noise code sequences is modulated by 
said transmission information signal, said 
transmitter-receiver including reception spread 
spectrum signal producing means responsive to 
said first spread spectrum signal for producing a 
reception spread spectrum signal, pseudo noise 
code sequence generating means for generating 
at least one of said different pseudo noise code 
sequences as said first and said second pseudo 
noise code sequences, first multiplying means for 
multiplying said reception spread spectrum 
signal by the first pseudo noise code sequence 
generated by said pseudo noise code sequence 
generating means to produce a first multiplied 
signal, low frequency component extracting 
means for extracting a low frequency component 
from said first multiplied signal to produce a low 
frequency signal, means responsive to said low 
frequency signal for producing said particular 
information signal, second multiplying means for 
multiplying said transmission information signal 
by the second pseudo noise code sequence 
generated by said pseudo noise code sequence 
generating means to produce a second multiplied 
signal, and second spread spectrum signal 
supplying means for supplying said second 
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multiplied signal as said second spread spectrum 
signal, characterized in that: 

said different pseudo noise code sequences 
consist of pseudo noise code sequences of a first 
through a Q-th family, where Q represents a 
predetermined integer greater than unity, said 
first-family pseudo noise code sequences being 
for at least one modem dealing with information 
signals of a shortest of said different data clock 
periods, said Q-th-family pseudo noise code 
sequences being for at least one modem dealing 
with information signals of a longest of said 
different data clock periods, said first-family 
through said Q-th-family pseudo noise code 
sequences being given by pseudo noise code 
sequences of a first through a Q-th kind as will 
presently be defined, said first-kind pseudo noise 
code sequences being generated by clocks having 
a first clock period in compliance with a first 
generating polynomial specifying a first frame 
period not longer than said shortest data clock 
period and with different initial values, respec- 
tively, the q-th-kind pseudo noise code sequences 
being generated by clocks having a q-th clock 
period in compliance with a q-th generating 
polynomial specifying a q-th frame period and 
with different initial values, respectively, where q 
represents an integer between two and Q, both 
inclusive, said q-th clock period being equal to an 
integral multiple of the (q-1)-th frame period, 
said integral multiple being selected from natural 
numbers for each of the second through the Q-th 
clock periods, the Q-th frame period being not 
longer than said longest data clock period, said 
first-family pseudo noise code sequences being 
given by combinations of a first set, respectively, 
each first-set combination consisting of only one 
pseudo noise code sequence preselected from 
said first-kind pseudo noise code sequences with 
at least one first-kind pseudo noise code 
sequence left remaining, each of the q-th-family 
pseudo noise code sequences being given by a 
product of a first through a q-th component 
pseudo noise code sequences, the first through 
the (q-1)-th component pseudo noise code 
sequences being those preselected one from the 
at least one remaining pseudo noise code 
sequence of each of the first through the (q-l)-th 
kinds, the q-th component pseudo noise code 
sequence being one preselected from the q-th- 
kind pseudo noise code sequences with at least 
one q-th-kind pseudo noise code sequence left 
remaining unless q is equal to Q, each of said first 
through said q-th component pseudo noise code 
sequences used to provide said product being 
preselected so as not to be in duplication with any 
one of the first through the. q-th component 
pseudo noise code sequences which are used to 
provide the products for others of said q-th-family 
pseudo noise code sequences; 

said pseudo noise code sequence generating 
means being for generating at ' least one 
component pseudo noise code sequence of the 
q'-th-set combination for use as said first and said 
second pseudo noise code sequences, where q f 



represents an integer selected between unity and 
Q, both inclusive, so that the q'-th frame period be 
not longer than said one data clock period and be 
nearest thereto among said first through said Q-th 

5 frame periods; 

said first multiplying means comprising means 
for producing said first multiplied signal by 
multiplying said reception spread spectrum 
signal in a predetermined order by the at least 

w one component pseudo noise code sequence of 
said q'-th-set combination for use as said first 
pseudo noise code sequence; 

said second multiplying means comprising 
means for producing said second multiplied 

15 signal by multiplying the transmission informa- 
tion signal supplied thereto in a preselected order 
by at least one component pseudo noise code 
sequence of said q'-th-set combination for use as 
said second pseudo noise code sequence. 

20 

Patentanspriiche 

1. Sender-Empfanger (Fig. 6) fur ein Spread- 
Spectrum-Muitipiexnetzwerk mit einer Ein-Rich- 

2 5 tungsubertragungsieitung (41—43) und mehreren 
mit dieser verbundenen Modems (46 — 50), wobei 
der durch jedes Modem gebildete Sender-Emp- 
fanger auf ein erstes Spread-Spectrum-Signal 
von der Ubertragungsieitung (42) anspricht, das 

30 ein Spread-Spectrum-Signal enthalt, in das eine 
erste von mehreren verschiedenen Pseudor- 
auschcodefolgen mit einem bestimmten Infor- 
mationssignal moduliert ist, urn das bestimmte 
Informationssignal zu reproduzieren, une wobei 

35 jedes Modem auf ein Ubertragungsinformations- 
signal anspricht, urn der Ubertragungsieitung (42) 
ein zweites Spread-Spectrum-Signai zuzufuhren, 
das ein Spread-Spectrum-Signal enthalt, auf das 
durch das Obertragungsinformationssignal eine 

40 zweite Pseudorauschcodefolge aufmoduliert ist, 
wobei der Sender-Empfanger folgende Bestand- 
teile aufweist: einen Generator zum Erzeugen 
eines Empfangs-Spread-Spectrum-Signals in Ab- 
hangigkeit vom ersten Spread-Spectrum-Signal, 

45 einen Generator (67) zum Erzeugen mrndestens 
einer der verschiedenen Pseudorauschcode- 
folgen als erste und zweite Pseudorauschcode- 
folge, einen ersten Multiplizierer (66) zum Multi- 
plizieren des Empfangs-Spread-Spectrum- 

50 Signals mit der ersten Pseudorauschcodefolge, 
die vom PseudorauschcodefoJge-Generator. (67) 
erzeugt wird, urn ein erstes Multipiikationssignal 
zu erzeugen, einen Extraktor (68) zum Heraus- 
ziehen einer Niederfrequenzkdmponente aus dem 

55 ersten Multipiikationssignal, urn ein Niederfre- 
quenzsignal zu erzeugen', eine auf das Nieder- 
frequenzsignal ansprechende Einrichtung (69) 
zum Erzeugen des bestimmten informations- 
signals, einen zweiten Multipiizierer (72) zum 

6o Multiplizieren eines Eingangssignals mit der 
durch den Pseudorauschcodefolge-Generator (71, 
91) erzeugten zweiten Pseudorauschcodefolge, 
um ein zweites Multipiikationssignal zu erzeugen, 
eine Einrichtung (61) zum Zufuhren des Trans- 

65 missionsinformatibnssignals zum zweiten Multi- 
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plizierer (72) als Eingangssignal und eine auf das 
Transmissions-Spread-Spectrum-Signal an- 
sprechende Einrichtung zum Erzeugen des 
zweiten Spread-Spectrum-Signals dadurch ge- 
kennzeichnet, daft der Sender-Empfanger eine 
Kombinationseinrichtung (81, 83) aufweist zum 
Kombinieren der ersten und zweiten Multipli- 
kationssignale im Transmissions-Spread- 
Spectrum-Signal mit der von dem ersten Multi- 
plikationssignal zuruckgewiesenen Niederfre- 
quenzkomponente. 

2. Sender-Empfanger (Fig. 6) nach Anspruch 1, 
wobei die Ubertragungsleitung eine Ringtrans- 
missionsleitung (42) aufweist, die Modems 
mehrere spezielle Modems (46—49) aufweisen, 
die mit der Ringtransmissionsleitung (42) ver- 
bunden sind, die verschiedenen Pseudor- 
auschcodefolgen den zugehdrigen speziellen 
Modems (46 — 49) zugeordnet sind, jedes Modem 
jedes der speziellen Modems ist, die erste 
Pseudorauschcodefolge die jedem speziellen 
Modem zugeordnete Pseudorauschcodefolge ist, 
das Transmissionsinformationssignal von einem 
ausgewahlten der speziellen Modems empfangen 
wird und wobei die zweite Pseudorauschcode- 
folge die dem vorausgewahlten Modem zuge- 
ordnete Pseudorauschcodefolge ist, dadurch ge- 
kennzeichnet, daR die Kombinationseinrichtung 
(81 — 83) folgende Bestandteiie aufweist: eine 
Ruckweiseinrichtung (81) zum Zuruckweisen der 
Niederfrequenzkomponente vom ersten Multipli- 
kationssignal, urn ein Niederfrequenzkom- 
ponenten-ROckweissignal zu erzeugen, 

eine dritte Multiplikationseinrichtung (82) zum 
Multiplizieren des Niederfrequenzkomponenten- 
Rucksweissignals mit der von dem Pseudor- 
auschcodefolge-Generator (67) erzeugten ersten 
Pseudorauschcodefolge, urn ein drittes Multipli- 
kationssignal zu erzeugen, und 

einen Addierer (83) zum Addieren des zweiten 
und des dritten Multiplikationssignals in das 
Transmissions-Spread-Spectrum-Signal. 

3. Sender-Empfanger (Fig. 7) nach Anspruch 1, 
wobei die Transmissionsleitung eine Ringtrans- 
missionsleitung (42) ist, die Modems mehrere mit 
der Ringstransmissionsieitung (42) verbundene 
spezielle Modems (46—49) sind, die ver- 
schiedenen Pseudorauschcodefolgen mehrere 
verschiedene Maximallangen-Codefolgen sind, 
die durch Taktsignale mit vorgegebener Taktfre- 
quenz entsprechend einem einzelnen erzeugen- 
den Polynom bzw. mit verschiedenen Anfangs- 
werten erzeugt werden, die Maximallangen- 
Codefolgen jeweils den speziellen Modems 
zugeordnet sind, die erste Pseudorauschcode- 
folge eine erste Folge der Maximallangen-Code- 
folgen ist, jedes Modem jedes der speziellen 
Modems ist, die erste Maximallangen-Codefolge 
jedem speziellen Modem zugeordnet ist und 
wobei das Transmissionsinformationssignal von 
einem vorausgewahlten der speziellen Modems 
empfangen wird, wobei 

der Pseudorauschcodef olge-Generator (91 ) 
eine zweite Folge aus den Maximallangen-Code- 
folgen als zweite Pseudorauschcodefolge erzeugt, 



die entsprechend dem vorausgewahlten Modem 
ausgewahlt wird, 

und wobei die Kombinationseinrichtung 
aufweist: 

eine Einrichtung (81) zum Zuruckweisen der 
Niederfrequenzkomponente aus dem ersten 
Multiplikationssignal, urn ein Niederfrequenz- 
komponenten-Ruckweissignal zu erzeugen, und 

einen Addierer (83) zum Addieren des Nieder- 
frequenzkomponenten-Ruckweissignals und des 
zweiten Multiplikationssignals in das Trans- 
missions-Spread-Spectrum-Signal. 

4. Sender-Empfanger (Fig. 8) nach Anspruch 1, 
wobei die Transmissionsleitung eine Ringtrans- 
missionsleitung (42) ist, die Modems mehrere 
spezielle, mit der Rintransmissionsleitung (42) 
verbundene Modems aufweisen, die ver- 
schiedenen Pseudorauschcodefolgen mehrere 
verschiedene Maximallangen-Codefolgen sind, 
die durch Taktsignale mit vorgegebener Taktfre- 
quenz entsprechend einem einzelnen er- 
zeugenden Polynom bzw. mit verschiedenen An- 
fangswerten erzeugt werden, die Maximallangen- 
Codefolgen den jeweiligen speziellen Modems 
(46 — 49) zugeordnet werden, die erste Pseudor- 
auschcodefolge eine erste Folge der Maxi- 
mallangen-Codefolgen ist, jedes Modem jedes 
der speziellen Modems ist, die erste Maxi- 
mallangen-Codefolge jedem speziellen Modem 
zugeordnet ist und wobei das Transmissions- 
informationssignal von einem vorausgewahlten 
Modem der speziellen Modems empfangen wird, 
wobei der Pseudorauschcodefolge-Generator 
(91) eine zweite Folge der Maximallangen-Code- 
folgen als zweite Pseudorauschcodefolge erzeugt, 
die entsprechend dem vorausgewahlten Modem 
ausgewahlt wird, 

une wobei die Kombinationseinrichtung auf- 
weist: 

einen Addierer (83) zum Addieren des ersten 
und des zweiten Multiplikationssignals in ein 
Summensignal und eine Niederfrequenzkom- 
ponenten-Ruckweiseinrichtung (81) zum Zuruck- 
weisen zumindest der Niederfrequenzkom- 
ponente aus dem Summensignal, um das Trans- 
missions-Spread-Spectrum-Signal zu erzeugen. 

5. Sender-Empfanger (Fig. 9) nach Anspruch 1, 
wobei die Transmissionsleitung eine Ringtrans- 
missionsleitung (42) ist, die Modems mehrere 
spezielle mit der Ringtransmissionsleitung (42) 
verbundene Modems (46—49) sind, der Sender- 
Empfanger ein bestimmter Sender-Empfanger ist, 
der durch nur eines der speziellen Modems 
gebildet wird und wobei der bestimmte Sender- 
Empfanger folgende Bestandteiie aufweist: 

einen Synchronisations-Pseudorauschcode- 
folgen-Generator (96) zum Erzeugen einer Syn- 
chronisations-Pseudorauschcodefolge mit einer 
vorgegebenen Blockperiode, einem vorge- 
gebenen Anfangswert und einer steuerbaren 
Blockphase, 

eine Einrichtung (99) zum Zufuhren der Syn- 
chronisations-Pseudorauschcodefolge als Trans- 
missionspseudorauschcodefolge zu der Rings- 
transmissionsieitung (42), 
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eine Einrichtung (102) zum Empfangen der 
Pseudorauschcodefolge von der Ringtrans- 
missionsleitung (42) afs Empfangspseudorausch- 
codefolge mit einer verzogerten Blockphase, 

wobei die Transmissionspseudorauschcode- 
folge einmal in der Ringstransmissionsleitung 
(42) umgelaufen ist, 

einen Blockphasenvergleicher (133) zum Ver- 
gleichen der steuerbaren Blockphase mit der 
vorzogerten Blockphase, um ein Phasendifferenz- 
signal entsprechend einer Phasendifferenz 
zwischen der steuerbaren und der verzogerten 
Blockphase zu erzeugen, 

eine Einrichtung (132) zum Zufuhren der Emp- 
fangs-Pseudorauschcodefolge zu dem Block- 
phasenvergleicher (133) und eine Steuereinrich- 
tung (95), die auf das Phasendifferenzsignal an- 
spricht, um den Synchronisations-Pseudor- 
auschcodefolge-Generator (96) zu steuern, um die 
steuerbare Blockphase mit der verzogerten 
Blockphase zu synch ronisieren. 

6. Sender-Empfanger (Fig. 9) nach Anspruch 5, 
wobei die Einrichtung zum Zufuhren der Emp- 
fangs-Pseudorauschcodefolge folgende Bestand- 
teile aufweist: 

einen lokalen Pseudorauschcodefolgen- 
Generator, der auf die Empfangspseudorausch- 
codefolge anspricht, um eine lokale Pseudor- 
auschcodefolge mit der vorgegebenen Block- 
periode und mit dem vorgegebenen Anfangswert 
zu erzeugen, und in einen synch ronisierten Zu- 
stand relativ zu der Empfangs-Pseudor- 
auschcodefolge gebrachtwird und die verzogerte 
Blockphase aufweist, und 

eine Einrichtung zum Zufuhren der lokalen 
Pseudorauschcodefolge zu dem Blockphasen- 
vergleicher, 

wobei die Einrichtung zum Empfangen der 
Empfangs-Pseudorauschcodefolge ein mit der 
Empfangs-Pseudorauschcodefolge multiplextes 
Eingangs-Spread-Spectrum-Signal empfangt, das 
eines vom ersten und zweiten Spread-Spectrum- 
Signal ist, 

wobei der Sender-Empfanger folgende weiter 
Bestandteile aufweist: 

eine Synchronisationsuberwachungseinrich- 
tung, die mit dem lokalen Pseudorauschcode- 
folge-Generator verbunden ist, um den syn- 
chronisierten Zustand zu uberwachen und ein 
Schaltsignal mit einem ersten und ein em zweiten 
Wert zu erzeugen, wenn die lokale Pseudor- 
auschcodefolge im sy nch ronisierten bzw. im 
nicht synchronisierten Zustand ist, 

einen erststufigen und einen zweitstufigen 
Multiplizierer, eine erste auf das Schaltsignal 
ansprechende Schalteinrichtung zum Auslosen 
der Multiplikation im erststufigen Multiplizierer 
des Eingangs-Spread-Spectrum-Signals mit der 
lokalen Pseudorauschcodefolge, um ein Aus- 
gangssignal des erststufigen Multiplizierers nur 
dann zu erzeugen, wenn das Schaltsignal den 
ersten Wert aufweist, 

einen Durchschaltfilter zum Ruckweisen einer 
Gleichstromkomponente von Ausgangssignal 
des erststufigen Multiplizierers, um eine Gleich- 



stromkomponenten-Ruckweissignal zu erzeugen, 
und 

eine zweite auf das Schaltsignal ansprechende 
Schalteinrichtung, um die Multiplikation des 
5 Gleichstromkomponenten-Ruckwerssignals mit 
der lokalen Pseudorauschcodefolge im zweit- 
stufigen Multiplizierer auszulosen, um eine 
wesentliche Reproduktion des Eingangs-Spread- 
Spectrum-Signals nur dann zu erzeugen, wenn 

w das Schaltsignal den ersten Wert aufweist, 

wobei die Einrichtung zum Zufuhren der 
Transmissions-Pseudorauschcodefolge die mit 
der Transmissionspseudorauschcodefolge multi- 
plexte wesentliche Reproduktion abgibt. 

75 7. Sender-Empfanger (Fig. 9) nach Anspruch 5 
oder 6, wobei die verschiedene Pseudor- 
auschcodefolge den jeweiligen speziellen 
Modems zugeordnet ist, die erste Pseudor- 
auschcodefolge die dem einen speziellen Modem 

20 zugeordnete Pseudorauschcodefolge ist, das 
Transmissionsinformationssignal von einem aus 
den verbleibenden speziellen Modems voraus- 
gewahlten Modem empfangen wird und die 
zweite Pseudorauschcodefolge die dem voraus- 

25 gewahlten Modem zugeordnete Pseudor- 
auschcodefolge ist, wobei die Kombinationsein- 
richtung folgende Bestandteile aufweist: 

eine Ruckweiseinrichtung zum Zuruckweisen 
der Niederfrequenzkomponente aus dem ersten 

30 Multiplikationssignal, um 

ein Niederfrequenzkomponenten-Ruckweis- 
signal zu erzeugen, 

eine dritte Multiplikationseinrichtung zum 
Multiplizieren des Niederfrequenzkomponenten- 

35 Ruckweissignals mit der ersten Pseudor- 
auschcodefolge, die von dem Pseudorauschcode- 
folgen-Generator erzeugt wird, um ein drittes 
Multiplikationssignal zu bilden, und 
einen Addierer zum Addieren des zweiten und 

4 o des dritten Multiplikationssignals in dem Trans- 
missions-Spread-Spectrum-Signal. 

8. Sender-Empfanger (Fig. 9) nach Anspruch 5 
oder 6, wobei die verschiedenen Pseudor- 
auschcodefolgen mehrere verschiedene Maxi- 

45 mallangen-Codefolgen sind, die durch Takt- 
signale mit vorgegebener Taktfrequenz ent- 
sprechend einem einzelnen generierenden 
Polynom bzw. mit verschiedenen Anfangswerten 
erzeugt werden, die Synch ronisations-Pseudor- 

50 auschcodefolge eine Synch ronisations-Maxi- 
mallangencodefolge ist, die durch Taktsignale mit 
der vorgegebenen Taktfrequenz entsprechend 
einem verschiedenen erzeugenden Polynom, das 
die vorgegebene Blockperiode spezifiziert, und 

55 dem vorgegebenen Anfangswert erzeugt wird, 
die verschiedenen Maximallangencodefoigen 
dem einen der verbliebenen speziellen Modems 
zugeordnet sind, die erste Pseudorauschcode- 
folge eine erste Codefolge aus den Maxi- 
mo mallangencodefolgen ist, die dem einen 
speziellen Modem zugeordnet ist, und wobei das 
Transmissionsinformationsslgnal von einem vor- 
ausgewahlten Modem aus den verbliebenen 
speziellen Modems empfangen wird, wobei 

65 der Pseudorauschcodefofgen-Generator eine 
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zweite Folge der verschiedenen Maxi- 
mallangencodefolgen als zweite Pseudor- 
auschcodefolge erzeugt, die entsprechend dem 
vorausgewahlten Modem ausgewahlt wird, und 
wobei 

die Kombinationseinrichtung aufweist: 
eine Niederfrequenzkomponenten-Ruckweis- 
einrichtung zum Zuruckweisen der Niederfre- 
quenzkomponente aus dem ersten Multipli- 
kationssignal, um ein Niederfrequenzkom- 
ponenten-Ruckweissignal zu erzeugen, und 

einen Addierer zum Addieren des Niederfre- 
quenzkomponenten-Ruckweissignals und des 
zweiten Multiplikationssignals in das Trans- 
missions-Spread-Spectrum-Signal. 

9. Sender-Empfanger (Fig. 9) nach Anspruch 5 
oder 6, wobei die verschiedenen Pseudor- 
auschcodefolgen mehrere verschiedene Maxi- 
mallangencodefolgen sind, die durch Taktsignale 
einer vorgegebenen Taktfrequenz entsprechend 
einem einzelnen generierenden Polynom bzw. 
mit verschiedenen Anfangswerten erzeugt wird, 
die Synchronisations-Pseudorauschcodefolge 
eine Synchronisations-Maximal langencodefolge 
ist, die durch Taktsignale mit einer vorgegebenen 
Taktfrequenz entsprechend einem verschiedenen 
erzeugenden Polynom, das die vorgegebene 
Blockperiode spezifiziert, und dem vorgegebenen 
Anfangswert erzeugt wird, die verschiedenen 
Maximallangencodefolgen dem einen Modem 
aus den verbleibenden speziellen Modems zuge- 
ordnet sind, die erste Pseudorauschcodefolge 
eine erste Codefolge aus den verschiedenen 
Maximallangencodefolgen ist, die dem einen 
speziellen Modem zugeordnet ist, das Trans- 
missioninformationssignal von einem voraus- 
gewahlten speziellen Modem aus den ver- 
bliebenen speziellen Modems empfangen wird, 
und wobei 

der Pseudorauschcodefolgen-Generator eine 
zweite Codefolge aus den verschiedenen Maxi- 
mallangencodefolgen als zweite Pseudor- 
auschcodefolge erzeugt, die entsprechend dem 
vorausgewahlten Modem ausgewahlt ist, 

wobei die Kombinationseinrichtung folgende 
Bestandteile aufweist: 

einen Addierer zum Addieren des ersten und 
des zweiten Multiplikationssignals in ein 
Summensignal und 

eine Niederfrequenzkomponenten-Ruckweis- 
einrichtung zum Zuruckweisen mindestens der 
Niederfrequenzkomponente aus dem Summen- 
signal, um das Transmissions-Spread-Spectrum- 
Signal zu erzeugen. 

10. Sender-Empfanger (Fig. 14) nach Anspruch 
1, wobei die Transmissionsleitung eine Rich- 
transmissionsleitung ist, die Modems mehrere 
spezielie mit der Ringtransmissionsleitung ver- 
bundene spezielie Modems sind, die ver- 
schiedenen Pseudorauschcodefolgen mit Aus- 
nahme einer bestimmten von diesen den 
jeweiligen speziellen Modems zugeordnet sind, 
die vorgegebene Pseudorauschcodefolge ge- 
meinsam den speziellen Modems zugeordnet ist, 
jedes Modem jeweils jedes der speziellen Modem 



ist, die erste Pseudorauschcodefolge die dem 
jeweiligen speziellen Modem zugeordnete 
Pseudorauschcodefolge ist, die zweite Pseudor- 
auschcodefolge die einem vorausgewahlten 
speziellen Modem zugeordnete Pseudor- 
auschcodefolge ist, jedes spezielie Modem in 
einem bestimmten Kommunikationsmodus zum 
Obertragen des Transmissionsinformations- 
signals zu dem vorausgewahlten Modem und 
zum Empfangen des bestimmten Informations- 
signals von dem vorausgewahlten Modem 
betreibbar ist, ein Trageruberwachungsmodus 
vorgesehen ist zum Oberwachen, ob die zweite 
Pseudorauschcodefolge in dem ersten Spread- 
Spectrum-Signal vorhanden oder nicht vor- 
handen ist, ein Sendemodus zum Obertragen des 
Transmissions-lnformationssignals als zweites 
Spread-Spectrum-Signal auf andere dieser 
speziellen Modems vorgesehen ist und wobef 
eine Empfangsmodus zum Empfangen eines ge- 
sendeten Spread-Spectrum-Signals vorgesehen 
ist, das als erstes Spread-Spectrum-Signal zuge- 
fuhrt wird, 

wobei der Pseudorauschcodefolgen-Generator 
folgende Bestandteile aufweist: 

einen ersten Pseudorauschcodefolgen- 
Generator zum Erzeugen der vorgegebenen und 
der ersten Pseudorauschcodefolge als zumindest 
eine Pseudorauschcodefolge in dem Sende- 
modus und in jedem Empfangs-, Trager- 
uberwachungs- bzw. Obertragungsmodus, und 
einen zweiten Pseudorauschcodefolgen- 
Generator zum Erzeugen der vorgegebenen und 
der zweiten Pseudorauschcodefolge als die 
zumindest eine Pseudorauschcodefolge in jedem 
Empfangs- und Sendemodus bzw. in jedem 
Trageruberwachungs- und Kommunikations- 
modus, 

der erste Multiplizierer multipliziert ferner das 
erste Spread-Spectrum-Signal mit der von dem 
ersten Pseudorauschcodefolgen-Generator er- 
zeugten Pseudorauschcodefolge als vorgegebene 
Pseudorauschcodefolge, um das erste Multipli- 
kationssignal zu erzeugen, 

der zweite Multiplizierer multipliziert ferner das 
Eingangssignal mit der von dem zweiten 
Pseudorauschcodefolgen-Generator erzeugten 
Pseudorauschcodefolge als die vorgegebene 
Pseudorauschcodefolge, um das zweite Multipli- 
kationssignal zu erzeugen, 

wobei der Sender-Empfanger ferner einen 
Steuersignal-Generator zum Erzeugen eines 
Steuersignals mit einem ersten und einem 
zweiten Wert in jedem der Empfangs- und 
Trageruberwachungsmodem bzw. in jedem der 
Sende- bzw. Kommunikationsmodem aufweist, 

der Transmissionsinformationssignal-Gener- 
ator weist einen ersten Schalter auf, der auf das 
Steuersignal mit dem ersten Wert zum Erzeugen 
des Empfangs-Spread-Spectrum-Signals fur den 
zweiten Multiplizierer als Eingangssignal und auf 
das Steuersignal mit dem zweiten Wert zum 
Zufuhren des Transmissionsinformationssignals 
zum zweiten Multiplizierer als Eingangssignal 
anspricht, 
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wobei die Kombinationseinrichtung folgende 
Bestandteile aufweist: 

eine Niederfrequenzkomponenten-Ruckweis- 
einrichtung zum Ruckweisen der Niederfrequenz- 
komponente aus dem ersten Multiplikations- 
signal, um ein Niederfrequenzkomponenten- 
Ruckweissignal zu erzeugen, 

einen dritten Multiplizierer zum Multiplizieren 
des Niederfrequenzkomponenten - Ruckweis- 
signals mit der von dem ersten Pseudor- 
auschcodefolgen-Generator erzeugten Pseudor- 
auschcodefolge als entweder die vorgegebene 
oder die erste Pseudorauschcodefolge, um ein 
drittes Multiplikationssignal zu erzeugen, 

einen Addierer zum Addieren des ersten Multi- 
piikationssignais und eines Additionssignals in 
das Transmissions-Spread-Spectrum-Signal und 

einen zweiten Sen a Iter, der auf das Steuer- 
signal mit dem ersten Wert zum Zufuhren keines 
Signals zum Addierer als das Additionssignal 
anspricht und stattdessen das zweite Multipli- 
kationssignal alsSchalterausgangssignal erzeugt, 
und der auf das Steuersignal mit dem zweiten 
Wert zum Zufuhren des zweiten Multiplikations- 
signals zum Addierer als das Additionssignal 
anspricht, 

und wobei der Sender-Empfanger ferner eine 
auf das Schalterausgangssignal ansprechende 
Einrichtung aufweist, um das in dem gesendeten 
Spread-Spectrum-Signal enthaltene bestimmte 
Informationssignal zu reproduzieren und um zu 
uberwachen, ob die zweite Pseudorauschcode- 
folge in dem ersten Spread-Spectrum-Signal 
enthalten oder nicht enthalten ist. 

11. Sender-Empfanger (Fig. 15) nach Anspruch 
1, wobei die verschiedenen Pseudorauschcode- 
folgen durch Taktsignale mit einer vorgegebenen 
Taktfrequenz entsprechend einem einzelnen 
generierten Polynom bzw. mit verschiedenen 
Anfangswerten erzeugt werden, die' vorgegebene 
Taktfrequenz ein bestimmtes Frequenzband 
definiert, das Transmissionsinformationssignal 
von einem ausgewahlten Modem empfangen 
wird und wobei 

das vorgegebene Frequenzband ein erstes bis I- 
tes partielles Frequenzband mit im wesentlichen 
gemeinsamer partieiler Bandbreite und mit im 
wesentlichen keiner gegenseitigen Uberlappung 
aufweist, wobei I eine vorgegebene ganze Zahl 
g rafter 1 ist, 

die Modems in erste bis l-ten Gruppen 
klassifiziert sind, wobei jede Gruppe aus minde- 
stens zwei der genannten Modems besteht, die 
ersten bis l-ten partiellen Frequenzbander den 
ersten bis l-ten Gruppen zugeordnet sind, 
verschiedene Pseudorauschcodesequenzen den 
entsprechenden Modems in jeder Gruppe zuge- 
ordnet sind, jedes Modem ein Modem in einer 
Gruppe ist, der ein bestimmtes partielles Fre- 
quenzband zugeordnet ist, das vorausgewahlte 
Modem ein Modem in einer Gruppe ist, der ein 
vorgegebenes partielles Frequenzband zu- 
geordnet ist und das erste .Spread-Spectrum-. 
Signal eine bestimmte Spread-Spectrum- 



Komponente in dem bestimmten partiellen Fre- 
quenzband aufweist, 

der Empfangs-Spread-Spectrum-Signal-Gener- 
ator eine Einrichtung zum Extrahieren der be- 
s stimmten Spread-Spectrum-Komponente aus 
dem ersten Spread-Spectrum-Signal als 
Empfangs-Spread-Spectrum-Signal aufweist, 

wobei die Kombinationseinrichtung folgende 
Bestandteile aufweist: 

io erste bis l-te Filter mit Durchlafcbereichen in 
den entsprechenden ersten bis l-ten partiellen 
Frequenzbandern, eine Einrichtung zum Aus- 
wahlen eines Filters aus den ersten bis l-ten 
Filtern, der einen Durchlafcbereich bei dem vor- 

75 ausgewahlten partiellen Frequenzband aufweist, 
wobei der ausgewahlte Filter auf das zweite 
Multiplikationssignal anspricht, um eine partielles 
Band-Spread-Spectrum-Signal in dem vorausge- 
wahlten partiellen Frequenzband zu erzeugen, 

20 eine bestimmte Spread-Spectrum-Kom- 
ponenten-Ruckweiseinrichtung zum Ruckweisen 
der bestimmten Spread-Spectrum-Komponente 
aus dem ersten Spread-Spectrum-Signal, um ein 
bestimmtes Spread-Spectrum-Komponenten- 

25 Ruckweissignal zu erzeugen, und 

eine Einrichtung zum Zusammensetzen der 
ersten Multiplikationssignals, der partiellen Band- 
Spread-Spectrum-Signals und des bestimmten 
Spread - Spectrum - Komponenten - Ruckweis- 

30 signals in das Transmissions-Spread-Spectrum- 
Signal mit der aus dem ersten Multiplikations- 
signal zuruckgeweisenen Niederfrequenz- 
komponente. 
12. Sender-Empfanger (Fig. 15) nach Anspruch 

35 11, wobei die Transmissionsleitung eine Ring- 
transmissionsleitung ist, die Modems der ersten 
bis l-ten Gruppe mehrere spezielle mit der Ring- 
transmissionsleitung verbundene Modems auf- 
weist, jede der ersten bis l-ten Gruppen min- 

40 destens aus zwei der speziellen Modems besteht, 
verschiedene der unterschiedlichen Pseudoraus- 
chcodefolgen den entsprechenden speziellen 
Modems in jeder Gruppe zugeordnet sind jedes 
Modem ein speziel.les Modem ist, das in der 

45 Gruppe dem bestimmten partiellen Frequenz- 
band und das der ersten Pseudorauschcodefolge 
zugeordnet ist, das vorausgewahlte Modem ein 
spezielies; Modem ist, das in der Gruppe dem 
vorausgewahlten partiellen Frequenzband und 

so das der zweiten Pseudorauschcodefolge zugeord- 
net ist, und wobei die Zusammensetzeinrichtung 
folgende Bestandteile aufweist: 

eine Ruckweiseinrichtung zum Zu ruckweisen 
der Niederfrequenzkomponente aus dem ersten 
55 Multiplikationssignal, un ein Niederfrequenzkom- 
ponenten-Ruckweissignal zu erzeugen, 

einen dritten Multiplizierer zum Multiplizieren 
des Niederfrequenzkomponenten-Rukweissignals 
60 mit der ersten von dem Pseu.dorauschcodefol gen- 
Generator erzeugten Pseudorauschcodefolge, um 
ein drittes Multiplikationssignal zu erzeugen und 
einen Addierer zum Addieren des dritten Multi- 
plikationssignals, des partiellen Band-Spread- 
65 Spectrum-Signals und des bestimmten Spread- 
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Spectrum-Komponenten-Ruckweissignais in das 
Transmissions-Spread-Spectrum-Signal. 

13. Sender-Empfanger (Fig. 17) nach Anspruch 
11 oder 12, wobei das erste Spread-Spectrum- 
Signal eine durch Taktsignale erzeugte Synchron- 
isations-Pseudorauschcodefolge aufweist, wobei 
die Taktsignale eine vorgegebene Taktfrequenz 
entsprechend einem verschiedenen erzeugenden 
Polynom und entsprechend einem bestimmten 
Anfangswert aufweist, mit einem auf das Emp- 
fangs-Spread-Spectrum-Signal ansprechender 
Synchronisationssignal-Regenerator zum Regen- 
erieren der Synchronisations-Pseudorauschcode- 
folge und 

einer Einrichtung zum Zufuhren der regenerier- 
ten Synchronisations-Pseudorauschcodefolge zu 
dem Pseudorauschcodefolge-Generator, um die 
dadurch erzeugte ersten Pseudorauschcodefolge 
mit der ersten das bestimmte Informationssignal 
in dem ersten Spread-Spectrum-Signal aufweis- 
enden Pseudorauschcodefolge zum synchroni- 
sieren, 

wobei die Zusammensetzeinrichtung das 
Transmissions-Spread-Spectrum-Signal erzeugt 
und die in dem ersten Spread-Spectrum-Signal 
enthaltene Synchronisations-Pseudorausch- 
codefolge im wesentlichen enthalten ist. 

14. Sender-Empfanger (Fig. 15) nach Anspruch 
11, wobei die Transmissionsleitung eine Ring- 
transmission-ieitung ist, die Modems der ersten 
bis l-ten Gruppe mehrere spezielle mit der Ring- 
transmissionsleitung verbundene Modems auf- 
weist, jede der ersten bis l-ten Gruppe aus 
mindestens zwei speziellen Modems besteht, die 
verschiedenen Pseudorauschcodefolgen mehrere 
durch Taktsignale erzeugte verschiedene Maxi- 
mallangen-Codefolgen sind, wobei die Taktsig- 
nale die vorgegebene Taktfrequenz entsprechend 
einem einzigen erzeugenden Polynom bzw. den 
verschiedenen Anfangswerten entspricht, ver- 
schiedene Codefolgen der Maximallangencode- 
folgen den entsprechenden speziellen Modems in 
jeder Gruppe zugeordnet sind, die erste Pseudor- 
auschcodefolge eine erste der Maximallangen- 
codefolgen ist, jedes der Modems ein spezielles 
Modem ist, das in der Gruppe dem bestimmten 
partiellen Frequenzband und der ersten Maxi- 
mallangencodefolge zugeordnet ist, das voraus- 
gewahlte Modem ein spezielles Modem ist, das in 
der dem vorausgewahlten partiellen Frequenz- 
band zugeordneten Gruppe ist, wobei 

der Pseudorauschcodefolgen-Generator eine 
zweite Codefoige aus den Maximallangencode- 
folgen als zweite Pseudorauschcodefolge erzeugt, 
die entsprechend dem vorausgewahlten Modem 
ausgewahlt wird, - 

wobei die Zusammensetzeinrichtung folgende 
Bestandteile aufweist: 

eine Niederfrequenzkomponenten-Ruckwei- 
seinrichtung zum Ruckweisen der Niederfre- 
quenzkomponente aus dem ersten Multiplika- 
tionssignal, um eine Niederfrequenzkomponen- 
ten-Ruckweissignal zu erzeugeh, und 

einen Addierer zum Addieren des Niederfre- 
quenzkomponenten-Ruckweissighals, des partiel- 



len Band-Spread-Spectrum-Signals und des bes- 
timmten Spread-Spectrum-Komponenten- 
Ruckweissignals in das Transmissions-Spread- 
Spectrum-Signal. 

15. Sender-Empfanger (Fig. 15) nach Anspruch 
1, wobei die Transmissionsleitung eine Ringtrans- 
missionsleitung ist, die Modems mehrere spe- 
zielle mit der Ringtransmissionsleitung verbun- 
dene Modems sind, die verschiedenen Pseudor- 

1Q auschcodefolgen mehrere von Taktsignalen er- 
zeugte verschiedene Maximallangencodefolgen 
sind, wobei die Taktsignale eine vorgegebene 
Taktfrequenz entsprechend einem einzelnen er- 
zeugenden Polynom bzw. von verschiedenen 

15 Anfangswerten aufweisen, die vorgegebene Takt- 
frequenz ein vorgegebenes Frequenzband bes- 
timmte und das Transmissionsinformationssig- 
nals von einem aus den speziellen Modems 
vorausgewahlten Modem empfangen wird, 

2Q wobei 

das vorgegebene Frequenzband das erste bis I- 
te partieile Frequenzband enthalt, die eine im 
wesentlichen gemeinsame partieile Bandbreite 
aufweisen und sich im wesentlichen nicht gegen- 
seitig uberlappen, wobei I eine vorgegebene 

^* ganze Zahl grdfcer als 1 ist, die speziellen 
Modems in eine erste bis l-te Gruppe klassifiziert 
sind, wobei jede Gruppe aus mindestens zwei der 
speziellen Modems besteht, das erste bis l-te 

30 partieile Frequenzband der entsprechenden 
ersten bis l-ten Gruppe zugeordnet sind, verschie- 
dene Codefolgen aus den Maximallangencode- 
folgen den entsprechenden speziellen Modems in 
jeder Gruppe zugeordnet sind, die erste Pseudor- 

35 auschcodefolge eine erste Codefoige aus den 

J J Maximallangencodefolgen ist, jedes Modem ein 
spezielles Modem ist, das einer Gruppe mit einem 
bestimmten Frequenzband aus den partiellen 
Frequenzbandern und der ersten Maximallangen- 

4Q codefoige zugeordnet ist, das vorausgewahlte 
Modem in einer Gruppe ist, die einem vorausge- 
wahlten Frequenzband aus den partiellen Fre- 
quenzbandern zugeordnet ist, und das erste 
Spread-Spectrum-Signal eine bestimmte Spread- 

45 Spectrum-Komponente in dem bestimmten par- 
tiellen Frequenzband aufweist, 

der Empfangs-Spread-Spectrum-Signal-Gener- 
ator eine Einrichtung zum Extrahieren der bes- 
timmten Spread-Spectrum-Komponente aus dem 
50 ersten Spread-Spectrum-Signal als Empfangs- 
Spread-Spectrum-Signal aufweist, 

der Pseudorauschcodefolge-Generator eine 
zweite der Maximallangencodefolgen als zweite 
55 Pseudorauschcodefolge erzeugt, die entsprech- 
end dem vorausgewahlten Modem ausgewahlt 
wird, 

wobei die Kombinationseinrichtung folgende 
Bestandteile aufweist: 
60 einen Addierer zum Addieren des ersten und 

des zweiten Multiplikationssignals ein ein Sum- 
mensignal, 

eine Niederfrequenzkomponenten-Ruckweis- 
einrichtung zum Zuruckweisen zumindest der 
65 . Niederfrequenzkomponente aus dem Sunimen- 
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signal, um ein Niederfrequenzkomponenten- 
Ruckweissignal zu erzeugen, 

ein erstes bis l-tes Filter mit DurchlaGbereichen 
in den entsprechenden ersten bis I-ten partiellen 
Frequenzbandem, 

eine Einrichtung zum Auswahlen eines Filters 
aus dem ersten bis l-ten Filter, das einen Durch- 
lafcbereich in einem vorbestimmten partiellen 
Frequenzband aufweist, wobei der ausgewahlte 
Filter auf das Niederfrequenzkomponenten-Ruck- 
weissignal anspricht, um ein partielles Band- 
Spread-Spectrum-Signal in dem vorausgewahl- 
ten partiellen Frequenzband zu erzeugen, 

eine bestimmte Spread-Spectrum-Komponen- 
ten-Ruckweiseinrichtung zum Zuruckweisen der 
partiellen Spread-Spectrum-Komponente aus 
dem ersten Spread-Spectrum-Signal, um ein bes- 
timmtes Spread-Spectrum-Komponenten-Ruck- 
weissignal zu erzeugen und 

Eine Einrichtung zum Zusammensetzen des 
Niederfrequenzkomponenten - Ruckweissignals, 
des partiellen Band-Spread-Spectrum-Signals 
und des partiellen Spread-Spectrum-Komponen- 
ten-Ruckweissignals in das Transmissions- 
Spread-Spectrum-Signal. 

16. Sender-Empfanger (Fig. 17) nach Anspruch 
14 oder 15, wobei das erste Spread-Spectrum- 
Signal eine durch Taktsignale erzeugte, synchron- 
isierende Maximallangencodefolge aufweist, 
wobei die Taktsignale eine vorgegebene Taktfre- 
quenz entsprechend einem verschiedenen er- 
zeugenden Poiynom und einem vorgegebenen 
Anfangswert aufweisen, und mit 

einem synch ronisierenden Signal-Generator, 
der auf das Rezeptions-Spread-Spectrum-Signal 
anspricht, um die synchronisierende Maximallan- 
gencodefolge zu regenerieren, und eine Einrich- 
tung zum Zufiihren der regenerierten, synchroni- 
sierenden Maximallangencodefolge zu dem Pseu- 
dorauschcodefolge-Generator, um die dadurch 
erzeugte erste Maximallangencodefolge mit der 
ersten Maximallangencodefolge zu synch ronisie- 
ren, die das bestimmte Informationssignal in dem 
ersten Spread-Spectrum-Signal enthalt, 

wobei die Zusammensetzeinrichtung das 
Transmissions-Spread-Spectrum-Signal erzeugt 
und die in dem ersten Spread-Spectrum-Signal 
enthaltene, synchronisierende Maximallangen- 
codefolge im wesentlichen darin enthalten ist. 

17. Sender-Empfanger (Fig. 15) nach einem der 
Anspruche 11, 12, 14 und 15, wobei 

das vorgegebene Frequenzband in seinem Mit- 
telabschnitt ferner ein Synchronisationssignal- 
Transmissionsband aufweist, das nicht wesent- 
lich das erste bis l-te partielle Frequenzband 
uberlappt, und das erste Spread-Spectrum-Signal 
ein Synchronisationssignal in dem Synchronisa- 
tionssignal-Transmissionsband aufweist, 

wobei der Rezeptions-Spread-Spectrum- 
Signal-Generatorfolgende Bestandteile aufweist: 

einen Bandpafcfilter mit einem DurchlaSbereich 
in einem Synchronisationssignal-Transmissions- 
band zum Ableiten des Synchronisationssignals 
aus dem ersten Spread-Spectrum-Signal und 

ein Einrichtung zum Zufiihren des abgeleiteten 



Synchronisationssignals zu dem Pseudorausch- 
codefolge-Generator, um die dadurch erzeugte 
erste Pseudorauschcodefolge mit der ersten 
Pseudorauschcodefolge zu synchronisieren, die 

s das bestimmte Informationssignal im ersten 
Spread-Spectrum-Signal enthalt, 

wobei die Zusammensetzeinrichtung das bes- 
timmte Spread-Spectrum-Komponenten-Ruck- 
weissignal mit dem synchronisierten Signal er- 

w zeugt, das m dem darin enthaltenen ersten 
Spread-Spectrum-Signal enthalten ist. 

18. Sender-Empfanger (Fig. 29) nach Anspruch 
1, wobei die Modems die Informationssignale, 
mehrerer verschiedener Datentaktperioden beh- 
75 handeln und jedes bestimmtes Informations- 
signal und die Transmissionsinformationssignale 
eines der verschiedenen Taktperioden aufweisen, 
ferner mit folgenden Merkmalen: 

20 die verschiedenen Pseudorauschcodefolgen 

bestehen aus Pseudorauschcodefolgen einer ers- 
ten bis Q-ten Familie, wobei Q eine vorgegebene 
ganze Zahi grofcer als 1 ist, die Pseudorausch- 
codefolgen der ersten Familie sind fur mindes- 

25 tens eines der Modems vorgesehen, das die 
Informationssignale einer kurzesten Taktperiode 
der verschiedenen Datentaktperioden behandelt, 
die Pseudorauschcodefolgen der Q-ten Familie ist 
fur mindestens eines der Modems vorgesehen, 

3 o das die Informationssignale einer langsten Takt- 
periode der verschiedenen Datentaktperioden be- 
handelt, die Pseudorauschcodefolgen der ersten 
bis zur Q-ten Familie sind gegeben durch Pseu- 
dorauschcodefolgen einer ersten bis Q-ten Art 

35 gemafc folgender Definition: die Pseudorausch- 
codefolgen der ersten Art werden erzeugt durch 
Taktsignale mit einer ersten Taktperiode ents- 
prechend einem ersten erzeugenden Poiynom, 
das eine erste Blockperiode spezifizierte, die nicht 

40 langer ist als die kurzeste Datentaktperiode, bzw. 
entsprechend verschiedenen Anfangswerten, die 
Pseudorauschcodefolgen der q-ten Art werden 
erzeugt durch Taktsignale mit einer q-ten Takt- 
periode entsprechend einem q-ten erzeugenden 

45 Poiynom, das eine q-te Blockperiode spezifiziert, 
bzw. entsprechend verschiedenen Anfangswerte, 
wobei q eine ganze Zahi von einschliefclich zwei bis 
einschliefclich Q, die q-te Taktperiode gleich ist einem 
ganzzahligen Vielfachen der (q-1)-ten Blockperiode, 

so das ganzzahlige Vielfache aus den natiirlichen 
Zahlen fur jede der zweiten bis Q-ten Taktperiode 
ausgewahlt ist, die Q-te Blockperiode nicht langer 
ist als die langste Datentaktperiode und die Pseu- 
dorauschcodefolgen der ersten Familie gegeben 

55 sind durch die entsprechenden Pseudorausch- 
codefolgen der ersten Art, die vorausgewahlt 
werden und wobei mindestens eine Pseudor- 
auschcodefolge der ersten Art verbleibt, und jede 
Pseudorauschcodefolge der q-ten Familie ist ge- 

60 geben durch ein Produkt einer ersten bis q-ten 
Komponenten-Pseudorauschcodefolge, die erste 
bis (q— 1)-te Komponenten-Pseudorauschcode- 
foige sind solche, die aus der mindestens einen 
verbliebenen Pseudorauschcodefolge jeder der 

65 ersten bis (q— 1 )-ten Art ausgewahlt sind, die q-te 
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Komponenten-Pseudorauschcodefolge ist ausge- 
wahlt aus den Pseudorauschcodefolgen der q-ten 
Art, wobei mindestens eine Pseudorauschcode- 
folge der q-ten Art verbleibt, wenn nicht q gleich 
Q ist, jede zum Erzeugen des Produkts verwen- 
dete Komponenten-Pseudorauschcodefolge wird 
so ausgewahlt, date sie kein Duplikat ist einer der 
Komponenten-Pseudorauschcodefolgen, die zum 
BNden des Produkts fur andere der Pseudoraus- 
chcodefolgen der q-ten Familie verwendet werden, 
der Pseudorauschcodefolgen-Generator erzeugt 
mindestens eine Pseudorauschcodefolge der q'- 
ten Familie als die erste und die zweite Pseudor- 
auschcodefolge, wobie q' eine ganze Zahl ist von 
einschliefclich eins bis einschliefSlich Q, so dafc die 
q'-te Blockperiode nicht langer ist als eine Daten- 
taktperiode und dieser unter den ersten bis Q-ten 
Blockperioden am nachsten ist. 

19. Sender-Empfanger (Fig. 29) nach Anspruch 
18, wobei die Transmissionsleitung eine Ring- 
transmissionsleitung ist, die Modems mehrere 
spezielle, mit der Ringtransmissionsleitung ver- 
bundene Modems sind, die Pseudorauschcode- 
folgen der ersten bis Q-ten Familie dem speziellen 
Modems entsprechend den Datentaktperioden 
der damit behandelten Informationssignale zuge- 
ordnet sind, jedes Modem jeweils jedes der 
speziellen Modems ist, die erste Pseudorausch- 
codefolge eine erste Pseudorauschcodefolge der 
q'-ten Familie ist, die jedem speziellen Modem 
zugeordnet ist, das Transmissionsinformations- 
signal vorgesehen ist zum Empfang durch ein 
vorausgewahltes Modem aus den speziellen 
Modems, das die Informationssignale der einen 
Datentaktperiode behandelt, die zweite Pseudor- 
auschcodefolge eine zweite Pseudorauschcode- 
folge der q'-ten Familie ist, die dem vorausge- 
wahlten Modem zugeordnet ist, und wobei die 
Kombinationseinrichtung folgende Bestandteile 
aufweist: 

eine Niederfrequenzkomponenten-Ruckweis- 
einrichtung zum Zuruckweisen der Niederfre- 
quenzkomponente aus dem ersten Multiplika- 
tionssignal, urn ein Niederfrequenzkomponenten- 
Ruckweissignal zu erzeugen, 

einen dritten Multiplizierer zum Multiplizieren 
des Niederfrequenzkomponenten-Ruckweissignal 
mit der ersten Pseudorauschcodefolge der q'-ten 
Familie zum Erzeugen eines dritten Multiplika- 
tionssignals und 

einen Addierer zum Addieren des zweiten und 
des dritten Multiplikationssignals in das Trans- 
missions-Spread-Spectrum-Signal. 

20. Sender-Empfanger (Fig. 31) nach Anspruch 
1, wobei die Modems die Informationssignale 
mehrerer verschiedener Datentaktperioden be- 
handeln und jedes bestimmte Informationssignal 
und die Transmissionsinformationssignale eine 
der verschiedenen Datentaktperioden haben, fer- 
ner mit den folgenden Merkmalen: 

die verschiedenen Pseudorauschcodefolgen 
bestehen aus Pseudorauschcodefolgen einer 
ersten bis Q-ten Familie, wobei Q eine vorgege- 
bene ganze Zahl grofcer als 1 ist, die Pseudoraus- 
chcodefolgen der ersten Familie sind vorgesehen 



fur mindestens eines der Modems, das die In- 
formationssignale einer kiirzesten Taktperiode 
der verschiedenen Datentaktperioden behandelt, 
die Pseudorauschcodefolgen der Q-ten Familie 
sind vorgesehen fur mindestens eines der 
Modems, das die Informationssignale einer 
langsten Taktperiode der verschiedenen Daten- 
taktperioden behandelt, die Pseudorauschcode- 
folgen der ersten bis Q-ten Familie sind gegeben 
durch Pseudorauschcodefolgen einer ersten bis 
Q-ten Art gemaft folgender Definition: die Pseu- 
dorauschcodefolgen der ersten Art werden er- 
zeugt durch Taktsignale mit einer ersten Taktper- 
iode entsprechend einem ersten erzeugenden 
Polynom, das eine erste Blockperiode spezifiziert, 
die nicht langer ist als die kurzeste Datentakt- 
periode, bzw. entsprechend verschiedenen An- 
fangswerten, die Pseudorauschcodefolgen der q- 
ten Art werden erzeugt durch Taktsignale mit 
einer q-ten Taktperiode entsprechend einem q- 
ten erzeugenden Polynom, das eine q-te Block- 
periode spezifiziert, bzw. entsprechend vierschie- 
denen Anfangswerten, wobei q eine ganze Zahl 
zwischen einschliefclich 2 und einschliefclich Q ist, 
die q-te Taktperiode ist gleich einem ganzzahligen 
Vielfachen einer (q-1)-ten Blockperiode, das 
ganzzahlige Vielfache ist ausgewahlt aus einer 
naturlichen Zahl fur jede der zweiten bis Q-ten 
Taktperioden, die Q-te Blockperiode ist nicht 
langer als die langste Datentaktperiode, die Pseu- 
dorauschcodefolgen der ersten Familie ergeben 
sich aus Kombinationen eines entsprechenden 
ersten Satzes, wobei jede Kombination der ersten 
Satzes aus lediglich eine Pseudorauschcodefolge 
besteht, die aus der Pseudorauschcodefolge der 
ersten Art ausgewahlt ist und wobei mindestens 
eine Pseudorauschcodefolge der ersten Art ver- 
bleibt, jede Pseudorauschcodefolge aus der q-ten 
Familie ergibt sich aus einem Produkt einer 
Pseudorauschcodefolge einer ersten bis q-ten 
Komponente, die Pseudorauschcodefolgen der 
ersten bis (q-l)-ten Komponente ist eine ausge- 
wahlte Codefolge aus der mindestens einen ver- 
bliebenen Pseudorauschcodefolge jeder der 
ersten bis (q-1)-ten Art, die Pseudorauschcode- 
folge der q-ten Komponente ist ausgewahlt aus 
den Pseudorauschcodefolgen der q-ten Art, 
wobei mindestens eine Pseudorauschcodefolge 
der q-ten Art verbleibt, falls q nicht gleich Q ist, 
jede der Pseudorauschcodefolgen der ersten bis 
q-ten Komponente dienen zum Bilden des Pro- 
dukts, das so ausgewahlt ist, dafc es kein Duplikat 
mit einer der Pseudorauschcodefolgen der ersten 
bis q-ten Komponente ist, die zum Bilden der 
Produkte fur andere Pseudorauschcodefolgen der 
q-ten Familie dienen, 

der Pseudorauschcodefoigen-Generator er- 
zeugt mindestens eine Komponenten-Pseudor- 
auschcodefolge der q'-ten Satzkombination als 
erste und zweite Pseudorauschcodefolge, wobei 
q' sine ganze Zahl ist zwischen einschiiefciich eins 
und einschlieftlich Q, so daft die q'-te Blockper- 
iode nicht langer ist als die eine Datentaktperiode 
und dieser unter den ersten bis Q-ten Blockperio- 
den am nachsten ist, 
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der erste Multiplizierer weist eine Einrichtung 
zum Erzeugen des ersten MultipHkationssignals 
auf durch Multiplizieren des Empfangs-Spread- 
Spectrum-Signals in vorgegebener Reihenfolge. 
mind mindestens einer Komponenten-Pseudor- 
auschcodefolge der q'-ten Satzkombi nation ais 
erste Pseudorauschcodefolge, 

der zweite Multiplizierer weist eine Einrichtung 
zum Erzeugen des zweiten MultipHkationssignals 
auf durch Multiplikation des Transmissions-ln- 
formationssignals in vorgegebener Reihenfolge 
mindestens einer Komponenten-Pseudorausch- 
codefolge der q'-ten Satzkombination als zweite 
Pseudorauschcodefolge. 

21. Sender-Empfanger (Fig. 32) nach Anspruch 
20, wobei die Transmissionsleitung eine Ring- 
transmissionsleitung ist, die Modems mehrere 
spezielle mit der Ringtransmissionsleitung ver- 
bundene Modems sind, die Pseudorauschcode- 
folgen der ersten bis Q-ten Familie den ents- 
prechenden speziellen Modems aufgrund der 
Datentaktperioden der dadurch behandelten In- 
formationssignale zugeordnet sind, jedes Modem 
jedes der speziellen Modems ist, die erste Pseu- 
dorauschcodefolge eine erste Pseudorauschcode- 
folge der q'-ten Familie ist, die dem jeweiiigen 
speziellen Modem zugeordnet ist, das Transmis- 
sions-lnformationssignal von einem vorausge- 
wahlten speziellen Modem empfangen wird, das 
die Informationssignale der einen Datentaktper- 
iode behandelt, die zweite Pseudorauschcode- 
folge eine zweite Pseudorauschcodefolge der q'- 
ten Familie ist, die dem vorausgewahlten Modem 
zugeordnet ist, und wobei die Kombinationsein- 
richtung folgende Bestandteil aufweist: 

eine Einrichtung zum Zuriickweisen der Nieder- 
frequenzkomponente aus dem ersten Multiplika- 
tionssignal, urn ein Niederfrequenzkomponenten- 
Ruckweissignal zu erzeugen, 

einen dritten Multiplizierer zum M,ultiplizieren 
des Niederfrequenzkomponenten-Ruckweissig- 
nals in vorgegebener Reihenfolge mit mindestens 
einer Komponenten-Pseudorauschcodefolge der 
q'-ten Satzkombination als erste Pseudorausch- 
codefolge, so dalS der dritte Multiplizierer ein 
drittes Multiplikationssignal. erzeugt, und 

einen Addierer zum Addieren des zweiten und . 
des dritten MultipHkationssignals in das Trans- 
missions-Spread-Spectrum-Signal. 

22. Sender-Empfanger (Fig. 34) nach Anspruch 
1, der auf ein erstes Zeitmultiplex-Signal ans- 
pricht, das eine bestimmte Bitfolge aufweist und 
uber die Transmissionsleitung empfangen wird, 
um die bestimmte Bitfolge zu reproduzieren und 
auf ein Eingangs-lnformationssignal anspricht, 
um der Transmissionsleitung ein zweites Zeit- 
multiplex-Signal zu liefern, das eine Transmis- 
sions-Bitfolge entsprechend dem Eingangs-ln- 
formationssignal e nth a It, wobei die verschie- 
denen Pseudorauschcodefolgen durch Taktsig- 
nale erzeugt werden, deren vorgegebeneTaktper- 
iode einem einzigen erzeugenden Polynom bzw. 
verschiedenen Anfangswerten entspricht, une ' 
wobei die Taktperiode ein vorgegebenes Fre 1 



quenzband definiert, ferner mit folgenden Merk- 
malen: 

das vorgegebene Frequenzband ist unterteilt in 
ein oberes und ein unteres Frequenzband, wobei 
5 das obere Frequenzband schmaler ais etwa ein 
Funftel des vorgegebenen Frequenzbandes ist 
und fur die Transmission des ersten und des 
zweiten Spread-Spectrum-Signals mit einem Fre- 
quenzband vorgesehen ist, das auf das obere 
70 Frequenzband beschrankt ist, und wobei das 
untere Frequenzband vorgesehen ist zur Obertra- 
gung des ersten und des zweiten Ze it multi pi ex- 
Signals, deren Frequenzband auf das untere 
Frequenzband beschrankt ist, 
15 der Empfangs-Spread-Spectrum-Signal-Gener- 
ator weist einen Eingangs-Hochpafcfilter auf, der 
auf das erste bandbegrenzte Spread-Spectrum- 
Signal anspricht, um das Empfangs-Spread-Spec- 
trum-Signal zu erzeugen, 
20 die Einrichtung zum Erzeugen des zweiten 
Spread-Spectrum-Signals weist einen Ausgangs- 
Hochpafcfilter auf, der auf das Transmissions- 
Spread-Spectrum-Signal anspricht, un das zweite 
bandbegrenzte Spread-Spectrum-Signal als zwei- 
25 tes Spread-Spectrum-Signal zu erzeugen, 
der Sender-Empfanger weist ferner auf 
einen Eingangs-Tiefpafcfilter, der auf das erste 
bandbegrenzte Zeitmultiplex-Signal anspricht, 
um ein Empfangs-Zeitmultiplex-Signal zu 
30 erzeugen, 

eine auf das Empfangs-Zeitmultiplex-Signal an- 
sprechende Einrichtung zum Abtrennen der bes- 
timmten Bitfolge von anderen Bitfolgen, die in 
dem Empfangs-Zeitmultiplex-Signal enthalten 
35 sind, um die bestimmte Bitfolge zu reproduzieren, 
eine auf das Eingangs-Informationssignals an- 
sprechende Einrichtung zum Erzeugen der 
Transmissions-Bitfolge, 
eine Einrichtung zum Multiplexen der Trans- 
40 missions-Bitfolge und der anderen Bitfolgen in 
ein Transmissions-Zeitmultrplex-Signal und 

einen Ausgangs-Tief pa Gf liter, der aus das 
Transmissibns-Zeitmultiplex-Signal anspricht, un 
das zweite bandbegrenzte Zeitmultiplex-Signal zu 
45 erzeugen. 

23. Sender-Empfanger (Fig.. 24) fur. ein Spread- 
Spec^rum-Multipiex-Kommumkationsnetzwerk 
mit einer-Hiri- und Rucktransmissidnleitung und 
mehrereh mit dieser verbunden Modems, wobei 
so der Sender-Empfanger folgende "Merkmale auf- 
weist: jedes Modem spricht auf ein erstes Spread- 
Spectrum-Signal an, das das- Modem von der 
Rucktransmissionsleitung empfangt und das ein 
Spread-Spectrum-Signal enthalt, in das eine erste 
55 der mehreren verschiedenen Pseudorauschcode- 
folgen durch ein bestimmtes rhformatipnssignal 
moduliert sirid, um das bestimmte Informations- 
signal zu reproduzieren, jedes Modem spricht 
ferner auf ein Transmissions-lnforrhatiorissigrial 
60 an, um zu einem vorausgewahlten, Mbdem uber 
die Hin-Transmissionsleitung ein zweites Sp'read- 
Spectrum-Signai zuzufuhren, das . ein Spread- 
Spectrum-Signal enthalt, in der eine zweite Code- 
folge der Pseudorauschcodefolgen durch das .. 
65 Transmissions-lnformationssignal moduliert ist, 



52 



103 



0 041 253 



104 



ein Empfangs-Spread-Spectrum-Signal-Genera- 
tor spricht auf das erste Spread-Spectrum-Signal 
an, um ein Empfangs-Spread-Spectrum-Signal zu 
erzeugen, ein Pseudorauschkodefolgen-Genera- 
tor erzeugt mindestens eine der verschiedenen 
Pseudorauschcodefolgen als erste und zweite 
Pseudorauschcodefolge, ein ersten Multiplizierer 
multipliziert das Empfangs-Spread-Spectrum- 
Signal mit der von der Pseudorauschcodefolgen- 
Generator erzeugten ersten Pseudorauschcode- 
folge, um ein erstes Multiplikationssignal zu er- 
zeugen, eine Trenneinrichtung fur die Niederfre- 
quenzkomponente extrahiert eine Niederfre- 
quenzkomponente aus dem ersten Multiplika- 
tionssignal, um ein Niederfrequenzsignal zu er- 
zeugen, eine Einrichtung spricht auf das Nieder- 
frequenzsignal an, um das bestimmte Informa- 
tionssignal zu erzeugen, ein zweiter Multiplizierer 
multipliziert das Transmissions-lnformations- 
signal mit der von dem Pseudorauschcodefolgen- 
Generator erzeugten zweiten Pseudorauschcode- 
folge, um ein zweites Multiplikationssignal zu 
erzeugen, und ein zweites Spread-Spectrum-Sig- 
nal-Generator fuhrt das zweite Multiplikations- 
signal als zweites Spread-Spectrum-Signal zur 
Hin-Transmissionsleitung zu, wobei die verschie- 
denen Psuedorauschcodefolgen durch Taktsig- 
nale erzeugt werden, deren vorgegebene Takt- 
periode einem einzigen erzeugenden Polynom 
bzw. verschiedenen Anfangswerten entspricht 
und die vorgegebene Taktperiode ein vorgege- 
benes Frequenzband definiert, dadurch gekenn- 
zeichnet, 

dalS das vorgegebene Frequenzband ein erstes- 
bis l-tes partielles Frequenzband mit im wesent- 
lichen gemeinsamer partieller Bandbreite auf- 
weist, die sich im wesentlichen nicht gegenseitig 
uberlappen wobei I eine vorgegebene ganze Zahi 
grolSer als 1 ist, 

dafc die Modems in erste bis l-te Gruppen 
klassifiziert sind, jede Gruppe aus mindestens 
zwei Modem besteht, das erste bis l-te partielle 
Frequenzband den entsprechenden ersten bis I- 
ten Gruppen zugeordnet sind, verschiedene 
Codefolgen der verschiedenen Pseudorausch- 
codefolgen den entsprechenden Modems in jeder 
Gruppe zugeordnet sind, jedes Modem ein 
Modem in einer Gruppe ist, der ein bestimmtes 
Frequenzband aus den partiellen Frequenzban- 
dern zugeordnet ist, das vorausgewahlte Modem 
eine Modem in einer Gruppe ist, 

der ein vorausgewahlte Frequenzband aus den 
partiellen Frequenzbandern zugeordnet ist, wobei 
das erste Spread-Spectrum-Signal eine bes- 
timmte Spread-Spectrum-Komponente in dem 
bestimmten partiellen Frequenzband aufweist, 

dafc der Empfangs-Spread-Spectrum-Signal- 
Generator eine Einrichtung zum Abtrennen der 
bestimmten Spread-Spectrum-Komponente aus 
dem ersten Spread-Spectrum-Signal als das Emp- 
fangs-Spread-Spectrum-Signal aufweist, 

daft der zweite Spread-Spectrum-Signal-Gen- 
erator folgende Bestandteil aufweist: 

einen ersten bis l-ten Filter mit Durchlafeberei- 



chen in dem entsprechenden ersten bis l-ten 
partiellen Frequenzband und 

eine Einrichtung zum Auswahien eines Filters 
aus dem ersten bis l-ten Filter mit einem Durch- 
lalSbereich in dem vorausgewahlten partiellen 
Frequenzband, wobei der ausgewahlte Filter auf 
das zweite Multiplikationssignal anspricht, um 
das zweite Spread-Spectrum-Signal in dem vor- 
ausgewahlten partiellen Frequenzband zu erzeu- 
gen. 

24. Sender-Empfanger (Fig. 24) nach Anspruch 
23, mit den folgenden Merkmalen: 

das vorgegebene Frequenzband weist in 
seinem Mittelbereich ferner ein Synchronisa- 
tions-Signaltransmissionsband auf, das sich nicht 
wesentlich mit dem ersten bis l-ten partiellen 
Frequenzband uberlappt, wobei das erste Spread- 
Spectrum-Signal ein Synchronisationssignal in 
dem Synchronisations-Signaltransmissionsband 
aufweist, 

der Empfangs-Spread-Spectrum-Signal-Gen 
rator weist ferner auf: 

ein Bandpafcfilter mit einem DurchlafSbereich in 
dem Synchronisations-Signaltransmissionsband 
zum Ableiten des Synchronisations-Signals aus 
dem ersten Spread-Spectrum-Signal und 

eine Einrichtung zum Zufuhren des abgelei- 
teten Synchronisations-Signals zum Pseudor- 
auschcodefolge-Generator, um die durch diesen 
erzeugte erste Pseudorauschcodefolge mit der 
ersten Pseudorauschcodefolge zu synchron- 
isieren, die das bestimmte Informationssignal in 
dem ersten Spread-Spectrum-Signal enthalt. 

25. Sender-Empfanger (Fig. 29) fur ein Spread- 
Spectrum-Multiplex-Kommunikationsnetzwerk 
mit einer Hin- und einer Rucktransmissionleitung 
und mehreren mit diesen verbundenen Modems, 
die Informationssignale mehrerer verschiedener 
Datentaktperioden behandeln, wobei der Sender- 
Empfanger ein Modem aufweist, das Informa- 
tionssignale einer der verschiedenen Datentakt- 
perioden behandelt und auf ein erstes Spread- 
Spectrum-Signal von der Rucktransmissionsleit- 
ung anspricht, das ein Spread-Spectrum-Signal 
enthalt, in das eine erste Codefolge von ver- 
schiedenen Pseudorauschcodefolgen durch ein 
bestimmtes Informationssignal moduliert ist, das 
die eine Datentaktperiode aufweist, um das 
bestimmte Informationssignal zu reproduzieren 
und auf ein Transmissions-lnformationssignal an- 
zusprechen, das die eine Datentaktperiode auf- 
weist zum Zufuhren zu einem ausgewahlten 
Modem, das Informationssignale der einen 
Datentaktperiode behandelt, und zwar mit einem 
zweiten Spread-Spectrum-Signal uber die Hin- 
Transmissionsleitung, das ein Spread-Spectrum- 
Signal aufweist, in das eine zweite Pseudorausch- 
codefolge durch dasTransmissions-lnformations- 
signal moduliert ist, wobei der Sender-Empfanger 
folgende Bestandteile aufweist: 

einen Empfangs-Spread-Spectrum-Signal-Gen- 
erator, der auf das erste Spread-Spectrum-Signal 
anspricht, um ein Empfangs-Spread-Spectrum- 
. Signal zu erzeugen, einen Pseudorauschcodefol- 
gen-Generator zum Erzeugen mindestens einer 
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der verschiedenen Pseudorauschcodefolgen als 
die erste und die zweite Pseudorauschcodefolge, 
einen ersten Multiplizierer zum Multiplizieren des 
Empfangs-Spread-Spectrum-Signals mit der von 
dem Pseudorauschcodefolgen-Generator erzeug- 
ten ersten Pseudorauschcodefolge, um ein erstes 
Multiplikationssignal zu erzeugen, eine Niederfre- 
quenzkomponenten-Trenneinrichtung zum Ab- 
trennen einer Niederfrequenzkomponente aus 
dem ersten Multiplikationssignal, um ein Nieder- 
frequenzsignal zu erzeugen, eine auf das Nieder- 
frequenzsignal ansprechende Einrichtung zum 
Erzeugen des bestimmten Informationssignals, 
eine zweite Multiplikationseinrichtung zum Multi- 
plizieren des Transmissions-lnformationssignals 
mit der durch den Pseu do rauschcodefol gen-Gen- 
erator erzeugten zweiten Pseudorauschcodefolge 
zum Erzeugen eines zweiten Multiplikationssig- 
nals, und einen zweiten Spread-Spectrum-Signal- 
Generator zum Zufuhren des zweiten Multiplika- 
tionssignals als zweites Spread-Spectrum-Signal, 
ferner gekennzeichnet durch die folgenden Merk- 
maler 

die verschiedenen Pseudorauschcodefolgen 
bestehen aus Pseudorauschcodefolgen einer 
ersten bis Q-ten Familie, wobei Q eine vorgege- 
bene ganze Zahl grofter als 1 ist r die Pseudoraus- 
chcodefolgen der ersten Familie sind vorgesehen 
fur mindestens eine Modem, das Informationssig- 
nale einer kurzesten Taktperiode der verschie- 
denen Datentaktperioden behandelt, die Pseudor- 
auschcodefolgen der Q-ten Familie sind vorge- 
sehen fur mindestens ein Modem, das Informa- 
tionssignale einer iangsten Taktrate der ver- 
schiedenen Datentaktraten behandelt, die 
Pseudorauschcodefolgen der ersten bis Q-ten 
Familie sind gegeben durch Pseudorauschcode- 
folgen einer ersten bis Q-ten Art gemaft folgender 
Definition: die Pseudorauschcodefolgen der er- 
sten Art werden erzeugt durch Taktsignale mit 
einer ersten Taktperiode entsprechend einem 
ersten erzeugenden Polynom, das eine erste 
Blockperiode spezifiziert, die nicht langer ist als 
die kurzeste Datentaktperiode, bzw. entsprechend 
verschiedenen Anfangswerten, die Pseudor- 
auschcodefolgen der q-ten Art werden erzeugt 
durch Taktsignale mit einer q-ten Taktperiode 
entsprechend einem q-ten erzeugenden Polynom, 
das eine q-te Blockperiode spezifiziert, bzw. ent- 
sprechend verschiedenen Anfangswerten, wobei 
q eine ganze Zahl von einschlieftlich 2 bis Q ist, 
die q-te Taktperiode gleich einem 
ganzzahligen Vielfachen der (q-1)-ten Block- 
periode ist, das ganzzahlige Vielfache ausgewahlt 
ist aus den naturlichen Zahlen fur jede der 
zweiten bis Q-ten Taktperiode, die Q-te Blockper- 
iode nicht langer ist als die langste Datentaktper- 
iode, und wobei die Pseudorauschcodefolgen der 
ersten Familie gegeben sind durch entsprechende 
Pseudorauschcodefolgen der ersten Art, die so 
vorausgewahlt sind, daft mindestens eine 
Pseudorauschcodefolge der ersten Art verbieibt, 
jede der Pseudorauschcodefolgen der q-ten 
Familie ist gegeben durch ein Produkt einer 
Pseudorauschcodefolge der ersten bis q-ten Kom- 



ponente, die Pseudorauschcodefolgen der ersten 
bis (q-1)-ten Komponente ist eine ausgewahlte 
Codefolge aus mindestens einer verbliebenen 
Pseudorauschcodefolge jeder der ersten bis 
5 (q— 1)-ten Art, die Pseudorauschcodefolge der q- 
ten Komponente ist eine vorausgewahlte Code- 
folge aus der Pseudorauschcodefolge der q-ten 
Art, wobei mindestens eine Pseudorauschcode- 
folge der q-ten Art verbieibt soweit q nicht gleich 
w Q ist, jede der Pseudorauschcodefolgen der er- 
sten bis q-ten Komponente wird verwendet zum 
Erzeugen des vorausgewahlten Produkts derart, 
daft es kein Duplikat einer der Pseudorauschcode- 
folgen der ersten bis q-ten Komponente ist, die 

75 zur Bildung der Produkte fur andere Codefolgen 
der Pseudorauschcodefolgen der q-ten Familie 
verwendet werden, der Pseudorauschcodefolgen- 
Generator erzeugt mindestens eine Pseudor- 
auschcodefolge der q'-ten Familie als die erste 

20 und die zweite Pseudorauschcodefolge, wobe q' 
eine ganze Zahl von einschlieftlich 1 bis ein- 
schlieftlich Q ist, so daft die q'-te Blockperiode 
nicht langer ist als die eine Datentaktperiode und 
dieser unter den ersten bis Q-ten Blockperioden 

25 am nachsten ist. 

26. Sender-Empfanger (Fig. 31) fur ein Spread- 
Spectrum - Multiplex - Kommunikationsnetzwerk 
mit einer Hin- und einer Rucktransmissionsleit- 
ung und mehreren mit diesen verbundenen 

30 Modems, die Informationssignale mehrerer ver- 
schiedener Datentaktperioden behandeln, wobei 
der Sender-Empfanger ein Modem aufweist, das 
Informationssignale einer der verschiedenen 
Datentaktperioden behandelt und auf ein von der 

35 Rucktransmissionsleitung empfangenes erstes 
Spread-Spectrum-Signal anspricht, wobei das 
Spread-Spectrum-Signal, in das eine erste Code- 
folge der verschiedenen Pseudorauschcodefol- 
gen durch ein bestimmtes Informationssignal 

40 moduliert ist, die eine Datentaktperiode aufweist, 
um das bestimmte Informationssignal zu repro- 
duzieren, und zwar aufgrund eines Transmis- 
sions-lnformationssignals mit einer Datentakt- 
periode zur Zufuhr zu einem vorausgewahlten 

45 Modem aus den Modems, das Informationssig- 
nale der einen Datentaktperiode behandelt, uber 
die Hindtransmissionsleitung, wobei ein zweites 
Spread-Spectrum-Signal ein Spread-Spectrum- 
Signal enthalt, in das durch das Transmissions- 

50 Informationssignal eine zweite Codefolge der 
Pseudorauschcodefolge moduliert ist, und wobei 
der Sender-Empfanger foigende Bestandteile auf- 
weist: 

einen Empfangs-Spread-Spectrum-Signal-Gen- 
55 erator, der auf das erste Spread-Spectrum-Signal 
anspricht, um ein Empfangs-Spread-Spectrum- 
Signal zu erzeugen, einen Pseudorauschcodefol- 
gen-Generator zum Erzeugen mindestens einer 
der verschiedenen Pseudorauschcodefolgen als 
so erste und zweite Pseudorauschcodefolge, einen 
ersten Multiplizierer zum Multiplizieren des Emp- 
fangs-Spread-Spectrum-Signals mit der von dem 
Pseudorauschcodefolgen-Generator erzeugten 
ersten Pseudorauschcodefolge, um ein erstes 
65 Multiplikationssignal zu erzeugen, eine Abtrehn- 
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einrichtung zum Abtrennen einer Niederfrequenz- 
komponente aus dem ersten Multiplikationssig- 
nal, um ein Niederfrequenzsignal zu erzeugen, 
eine auf das Niederfrequenzsignal ansprechende 
Einrichtung zum Erzeugen des bestimmten Infor- 
mationssignals, einen zweiten Multiplizierer zum 
Multiplizieren des Transmissions-informations- 
signals mit der von dem Pseudorauschcodefol- 
gen-Generator erzeugten zweiten Pseudorausch- 
codefolge, um ein zweites Multiplikationssignal 
zu erzeugen, une eine Einrichtung zum Zufuhren 
des zweiten Multiplikationssignals als zweites 
Spread-Spectrum-Signal, ferner gekennzeichnet 
durch die folgenden Merkmale: 

die verschiedenen Pseudorauschcodefolgen 
bestehen aus Pseudorauschcodefolgen einer er- 
sten bis Q-ten Familie, wobei Q eine vorgegebene 
ganze Zahl grofcer als 1 ist, die Pseudorausch- 
codefolgen der ersten Familie sind vorgesehen 
fur mindestens ein Modem, das Informationssig- 
nale einer kiirzesten der verschiedenen Datentakt- 
perioden behandelt, die Pseudorauschcodefolgen 
der Q-ten Familie sind vorgesehen fur mindestens 
ein Modem, das Informationssignale einer lang- 
sten Taktperiode der verschiedenen Datentakt- 
perioden behandelt, die Pseudorauschcodefolgen 
der ersten bis Q-ten Familie sind gegeben durch 
Pseudorauschcodefolgen einer ersten bis Q-ten 
Art gemafc folgender Definition: 

die Pseudorauschcodefolgen der ersten Art 
werden erzeugt durch Taktsignale mit einer er- 
sten Taktperiode entsprechend einem ersten er- 
zeugenden Polynom, das eine erste Blockperiode 
spezifiziert, die nicht langer ist als die kurzeste 
Datentaktperiode, bzw. mit verschiedenen An- 
fangswerten, die Pseudorauschcodefolgen der q- 
ten Art werden erzeugt durch Taktsignale mit 
einer q-ten Taktperiode entsprechend einem q- 
ten erzeugenden Polynom, das eine q-te Block- 
periode spezifiziert, bzw. entsprechend den ver- 
schiedenen Anfangswerten, wobei q eine ganze 
Zahl ist von einschliefclich 2 bis einschlie&lich Q, 
der q-te Taktperiode gleich ist einem ganzzahli- 
gen Vielfachen der (q-1)-ten Blockperiode, das 
ganzzahlige Vielfache ausgewahit ist aus den 
naturlichen Zahlen fur jede der zweiten bis Q-ten 
Taktperioden une wobei die Q-te Blockperiode 
nicht langer ist als die langste Datentaktperiode, 
die Pseudorauschcodefolgen der ersten Familie 
sind gegeben durch Kombinationen eines ent- 
sprechenden ersten Satzes, wobei die Kombina- 
tion des ersten Satzes aus lediglich einer Pseudo- 
rauschcodefolge besteht, die aus den Pseudor- 
auschcodefolgen der ersten Art vorausgewahlt 
ist, wobei lediglich eine Pseudorauschcodefolge 
der ersten Art verbleibt, jede der Pseudorausch- 
codefolgen der q-ten Familie ist gegeben durch 
ein Produkt einer Pseudorauschcodefolge der 
ersten bis q-ten Komponente, die Pseudorausch- 
codefolgen der ersten bis (q-1)-ten Komponente 
sind jeweils eine vorausgewahlte aus der minde- 
stens einen verbliebenen Pseudorauschcodefolge 
jeder der ersten bis (q-1)-ten Art, die Pseudor- 
auschcodefolge der q-ten Komponente ist eine 
solche, die vorausgewahlt ist aus den Pseudor- 



auschcodefolgen der q-ten Art, wobei mindestens 
eine Pseudorauschcodefolge der q-ten Art ver- 
bleibt, wenn nicht q gleich Q ist, jede Pseudor- 
auschcodefolge der ersten bis q-ten Komponente 
zur Verwendung fur das Produkt wird so voraus- 
gewahlt, daft sie kein Duplikat mit einer der 
Pseudorauschcodefolgen der ersten bis q-ten 
Komponente ist, die verwendet werden fur die 
Produkt fur andere Codefolgen der Pseudor- 
auschcodefolgen der q-ten Familie, 

der Pseudorauschcodefolgen-Generator ist vor- 
gesehen zum Erzeugen mindestens einer Kom- 
ponenten-Pseudorauschcodefolge der q'-ten 
Satzkombination als erste und zweite Pseudor- 
auschcodefolge, wobei q' eine ganze Zahl von 
einschliefSlich 1 bis einschliefclich Q ist, so dafc die 
q'-te Blockperiode nicht langer ist als die eine 
Datentaktperiode und dieser unter den erste bis 
Q-ten Taktperioden am nachsten ist, 

der erste Multiplizierer weist Einrichtungen zum 
Erzeugen des ersten Multiplikationssignals auf 
durch Multiplizieren des Empfangs-Spread-Spec- 
trum-Signals in vorgegebener Reihenfolge mit 
mindestens einer Komponenten-Pseudorausch- 
codefolge der q'-ten Satzkombination als erste 
Pseudorauschcodefolge, 

der zweite Multiplizierer weist Einrichtungen 
zum Erzeugen des zweiten Multiplikationssignals 
auf durch Multiplizieren des zugefuhrten Informa- 
tionssignals in vorgegebener Reihenfolge mit 
mindestens einer Komponenten-Pseudorausch- 
codefolge der q'-ten Satzkombination als zweite 
Pseudorauschcodefolge. 

Revendications 

1. Emetteur-recepteur (figure 6) destine a etre 
utilise dans un reseau de communication multi- 
plex a etalement de spectre comprenant une ligne 
de transmission directionnelle (41 — 43) et un 
ensemble de modems (46—50) couple a la ligne 
de transmission, i'emetteur-recepteur etant con- 
stitue par chacun des modems de fagon a repon- 
dre a un premier signal a spectre etale recu sur la 
ligne de transmission (42) et comprenant un 
signal a spectre etale au sein duquel une premiere 
d'un ensemble de sequences de code a pseudo- 
bruit differentes est modulee par un signal d'in- 
formation particuliere pour reproduire le signal 
d'information particuliere, et a repondre a un 
signal d'information de transmission pour pro- 
duire sur la ligne de transmission (42) un second 
signal a spectre etale au sein duquel une seconde 
des sequences de code a pseudo-bruit est modu- 
lee par le signal d'information de transmission, 
I'emetteur-recepteur comportant des moyens 
producteurs de signaux a spectre etale de recep- 
tion repondant au premier signal a spectre etale 
pour produire un signal a spectre etale de recep- 
tion, des moyens (67) generateurs de sequences 
de code a pseudo-bruit pour generer au moins 
Tune des differentes sequences de code a 
pseudo-bruit en tant que la premiere et la 
seconde sequence de code a pseudo-bruit, des 
premiers moyens (66) multiplicateurs pour multi- 
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plier le signal a spectre etale de reception par la 
premiere sequence de code a pseudo-bruit gen- 
eree par les moyens (67) generateurs de se- 
quences de code a pseudo-bruit pour produire un 
premier signal multiple, des moyens (68) extrac- 
teurs d'une composante basse frequence pour 
extraire une composante basse frequence du 
premier signal multiple et produire un signal 
basse frequence, des moyens (69) sensibles au 
signal basse frequence pour produire le signal 
d'information particuliere, un second moyen mul- 
tiplicateur (72) pour multiplier un signal d'entree 
par (a sequence de code a pseudo-bruit generee 
par les moyens (71, 91) generateurs de sequence 
de code a pseudo-bruit pour produire un second 
signal multipiie, des moyens (61) fournisseurs 
d'un signal d'information de transmission pour 
fournir le signal d'information de transmission 
aux seconds moyens multiplicateurs (72) en tant 
que signal d'entree, et des moyens repondant a 
un signal a spectre etale de transmission en 
produisant le second signal a spectre etale, carac- 
terise en ce que I'emetteur-recepteur comprend 
en outre des moyens de combinaison (81, 83) 
pour combiner les premier et second signaux 
multiplies pour donner le signal a spectre etale de 
transmission, la composante basse frequence 
etant rejetee du premier signal multipiie. 

2. Emetteur-recepteur (figure 6) selon la 
revendication 1, la ligne de transmission etant 
constitute par une ligne de transmission en 
boucle fermee (42), les modems etant constitues 
par un ensemble de modems specifiques (46 — 49) 
couples a la ligne de transmission en boucle 
fermee (42), les diffe rentes sequences de code a 
pseudo-bruit etant respectivement assignees aux 
modems specifiques (46—49), chacun des 
modems etant Tune des modems specifiques, la 
premiere sequence de code a pseudo-bruit etant 
la sequence de code a pseudo-bruit assignee a 
chacun des modems specifiques, le signal 
d'information de transmission etant destine a etre 
regu par I'un des modems specifiques ayant ete 
preselectionne, la seconde sequence de code a 
pseudo-bruit etant la sequence de code a pseudo- 
bruit assignee au modem preselectionne, carac- 
terise en ce que les moyens de combinaison 
(81 — 83) comprennent: 

— des moyens (81) rejecteurs d'une composante 
basse frequence pour rejeter la composante' 
basse frequence du premier signal multipiie et 
produire un signal a composante basse 
frequence rejetee; 

— un troisieme moyen multiplicateur (82) pour 
multiplier le signal a composante basse 
frequence rejetee par la premiere sequence de 
code a pseudo-bruit generee par les moyens 
generateurs de sequence de code a pseudo- 
bruit (67) pour produire un troisieme signal 
multipiie; et 

— des moyens additionneurs (83) pour 
additionner les second et troisieme signaux 
multiplies et donner le signal a spectre etale de 
transmission. 



3. Emetteur-recepteur (figure 7) selon la 
revendication 1, la ligne de transmission etant 
constitute par une ligne de transmission en 
boucle fermee (42), les modems etant constitues 

5 par un ensemble de modems specifiques (46 — 49) 
couples a la ligne de transmission en boucle 
fermee (42), les differences sequences de code a 
pseudo-bruit etant un ensemble de differentes 
sequences de code de longueur maximale 
w generees par des horloges ayant une periode 
d'horloge predetermined fixee respectivement 
par un polynome generateur unique et ayant des 
valeurs initiales differentes, les sequences de 
code de longueur maximale etant respectivement 

75 assignees aus modems specifiques, la premiere 
sequence de code a pseudo-bruit etant une 
premiere des sequences de code de longueur 
maximale, chacun des modems etant constitue 
par I'un des modems specifiques, la premiere 

20 sequence de code de longueur maximale etant 
assignee a chacun des modems specifiques, le 
signal d'information de transmission etant 
destine a etre regu par I'un des modems 
specifiques ayant ete preselectionne, caracterise 

25 en ce que: 

— les moyens generateurs de sequences de code 
a pseudo-bruit (91 ) sont destines a generer une 
seconde des sequences de code de longueur 

30 maximale en tant que la seconde code de 
pseudo-bruit selectionnee compte tenu du 
modem preselectionne; 

— les moyens de combinaison comprenant: 

— des moyens (81) rejecteurs d'une composante 
35 basse frequence pour rejeter la composante 

basse frequence du premier signal multipiie et 
produire un signal a composante basse 
frequence rejetee; et 

— des moyens additionneurs (83) pour 
40 additionner le signal a composante basse 

frequence rejetee et le second signal multipiie 
dans le signal a spectre etale de transmission. 

4. Emetteur-recepteur (figure 8) selon la 
45 revendication 1, la ligne de transmission etant 

constitute par une ligne de transmission en 
boucle fermee (42), les modems etant constitues 
par un ensemble de modems specifiques couple a 
la ligne de transmission en boucle fermee (42), les 

50 differentes sequences de code a pseudo-bruit 
etant un ensemble de differentes sequences de 
code de longueur maximale, generees par des 
horloges ayant une periode d'horloge predeter- 
minee,.fixee par un polynome generateur unique 

55 et ayant respectivement des valeurs initiates 
differentes, les sequences de code de longueur 
maximale etant respectivement assignees aux 
modems specifique (46 — 49), la premiere 
sequence de code a pseudo-bruit etant une 

60 premiere des sequences de code de longueur 
maximale, chacun des modems etant constitue 
par I'un des modems specifiques, la sequence de 
code de longueur maximale etant assignee a 
chacun des modems specifiques, le signal 

65 d'information de transmission etant destine a etre 
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regu par Tun des modems specifiques ayant ete 
preselectionne, caracterise en ce que: 

— les moyens (91) generateurs de sequence de 
code a pseudo-bruit sont destines a generer 
une seconde des sequences de longueur 
maximale en tant que la sequence de code a 
pseudo-bruit qui est selectionnee compte-tenu 
du modem preselectionne; 

— les moyens de combinaison comprenant: 

— des moyens additionneurs (83) pour 
additionner les premier et second signaux 
multiplies en un signal somme; et 

— des moyens (81) rejecteurs d'une composante 
basse frequence pour rejeter au moins la 
composante basse frequence du signal somme 
et produire le signal a spectre etale de trans- 
mission. 

5. Emetteur-recepteur (figure 9) selon la 
revendication 1, la ligne de transmission etant 
constitute par une ligne de transmission en 
boucle fermee (42), les modems etant constitues 
par un ensemble de modems specifiques (46 — 49) 
couples a la ligne de transmission en boucle 
fermee (42), I 'emetteur-recepteur etant un 
emetteur-recepteur particulier constitue par Tun 
des modems specifiques autre que les modems 
specifiques restants, caracterise en ce que 
I'emetteur-recepteur particulier comprend en 
outre: 

— des moyens (96) de synchronisation 
generateurs de sequence de code a pseudo- 
bruit pour generer une sequence de code a 
pseudo-bruit de synchronisation avec une 
periode de trame predeterminee, une valeur 
initiale predeterminee et une phase de trame 
pouvant etre commandee; 

— des moyens (99) fournisseurs de sequence de 
code a pseudo-bruit de transmission pour 
fournir la sequence de pseudo-bruit de syn- 
chronisation en tant que sequence de code a 
pseudo-bruit de transmission, sur la ligne de 
transmission en boucle fermee (42); 

— des moyens (102) recepteurs d'une sequence 
de code a pseudo-bruit de reception pour 
recevoir sur la ligne de transmission en boucle 
fermee (42), en tant que sequence de code a 
pseudo-bruit de reception ayant une phase de 
trame retardee, la sequence de code a pseudo- 
bruit de transmission ayant parcouru une fois 
la ligne de transmission en boucle fermee (42); 

— des moyens (133) comparateurs de la phase de 
trame pour comparer la phase de trame 
pouvant etre commandee a la phase de trame 
retardee et produire un signal de dephasage 
representatif d'un dephasage- entre les phases 
de trame pouvant etre commandee et 
retardee; 

— des moyens (132) fournisseurs d'une sequence 
de code a pseudo-bruit de reception pour 
fournir la sequence de code a pseudo-bruit de 
reception au moyen (133) comparateur de 
phase de trame; et 



— des moyens de commande (95) sensibles au 
signal de dephasage pour commander les 
moyens (96) generateurs d'une sequence de 
code a pseudo-bruit de synchronisation et 
synchroniser la phase de trame pouvant etre 
commandee avec la phase de trame retardee. 

6. Emetteur-recepteur (figure 9) selon la 
revendication 5, caracterise en ce que: 

— les moyens fournisseurs d'une sequence de 
code a pseudo-bruit de reception 
comprennent: 

— des moyens generateurs d'une sequence de 
code a pseudo-bruit locale repondant a la 
sequence de code a pseudo-bruit de reception 
en generant une sequence de code a pseudo- 
bruit locale avec la periode de trame predeter- 
minee et la valeur initiale predeterminee de 
fagon a etre mise dans un etat synchronise 
avec la sequence de code a pseudo-bruit de 
reception et a presenter la phase de trame 
retardee; et 

— des moyens pour fournir la sequence de code a 
pseudo-bruit locale au moyen comparateur de 
phase de trame; 

— les moyens recepteurs de la sequence de code 
a pseudo-bruit de reception recevant un signal 
a spectre etale d'entree multiplexed avec la 
sequence de code a pseudo-bruit de reception, 
le signal a spectre etale d'entree etant I'un des 
premier et second signaux a spectre etale: 

— I'emetteur-recepteur comprenant en outre: 

— des moyens de controle du synchronisme 
couples au moyen generateur d'une sequence 
de code a pseudo-bruit locale pour controle 
I'etat synchronise et produire un signal de 
commutation ayant une premiere et une 
seconde valeur selon que la sequence a 
pseudo-bruit locale se trouve ou non dans 
I'etat synchronise, respectivement; 

— — un premier etage muitiplicateur et une second 

etage muitiplicateur; 

— un premier moyen de commutation repondant 
au signal de commutation pour amener le 
premier etage muitiplicateur a multiplier le 
signal a spectre etale d'entree par la sequence 
de code a pseudo-bruit locale et ne produire un 
signal de sortie du premier etage muiti- 
plicateur que lorsque le signal de commutation 
a la .premiere valeur; 

— un filtre de derivation pour rejeter une 
composante continue du signal de sortie de 
premier etage muitiplicateur et produire un 
signal a composante continue rejetee; et 

— un second moyen de commutation repondant 
au signal de commutation pour amener le 
second etage muitiplicateur a multiplier le 
signal a composante continue rejetee par la 
sequence de code a pseudo-bruit locale et ne 
produire une reproduction pratiquement 
exacte du signal a spectre etale d'entree que 
lorsque le signal de commutation a la premiere 
valeur; 

— les moyens fournisseurs de sequence de code 
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a pseudo-bruit de transmission fournissant la 
reproduction pratiquement exacte multiplexee 
avec la sequence de code a pseudo-bruit de 
transmission. 

7. Emetteur-recepteur (figure 9) selon les 
revendications 5 ou 6, les differentes sequences 
de code a pseudo-bruit etant respectivement 
assignees aux modems specifiques, la premiere 
sequence de code a pseudo-bruit etant la 
sequence de code a pseudo-bruit assignee au 
modem specifique, le signal d'information de 
transmission etant destine a etre regu par Tun des 
modems specifiques restants ayant ete pre- 
selectionee, la seconde sequence de code a 
pseudo-bruit etant ia sequence de code a pseudo- 
bruit assignee au modem preselectionne, carac- 
terise en ce que les moyens de combinaison 
comprennent: 

— des moyens rejecteurs d'une composante 
basse frequence pour rejeter la composante 
basse frequence du premier signal multiplie et 
produire un signal a composante basse 
frequence rejete; 

— un troisieme moyen multiplicateur pour multi- 
plier le signal a composante basse frequence 
rejetee par la premiere sequence de code a 
pseudo-bruit generee par les moyens genera- 
teurs de sequence de code a pseudo-bruit et 
produire un troisieme signal multiplie; et 

— des moyens additionneurs pour additionner 
les second et troisieme signaux multiplies pour 
donner le signal a spectre etale de trans- 
mission. 

8. Emetteur-recepteur (figure 9) selon les 
revendications 5 ou 6, les sequences de code a 
pseudo-bruit etant un ensemble de differentes 
sequences de code de longueur maximale 
generes par des horloges ayant une periode 
d'horloge predeterminee fixee par un polynome 
generateur unique et ayant respectivement des 
valeurs initiates differentes, la sequence de code a 
pseudo-bruit de synchronisation etant une 
sequence de code de longueur maximale de 
synchronisation generee par des horloges ayant 
une periode d'horloge predeterminee fixee par un 
polynome generateur different specif iant la 
periode de trame predeterminee et par la valeur 
initiale predeterminee, les differentes sequences 
de code de longueur maximale etant respective- 
ment assignees a Tun et aux autres des modems 
specifiques restants, ia premiere sequence de 
code a pseudo-bruit etant une premiere des 
sequences de longueur maximale assignee au 
modem specifique, le signal d'information de 
transmission etant destine a etre regu par I'un des 
modems specifiques restants ayant ete pre- 
selectione, caracterise en ce que: 

— les moyens generateurs d'un sequence de 
code a pseudo-bruit sont destines a generer 
une seconde des differentes sequences de 
code de longueur maximale en tant que la 



seconde sequence de code a pseudo-bruit 
selectionee compte tenu du modem pre- 
selectionne; 

— les moyens de combinaison comprenant: 

5 — des moyens rejecteurs d'une composante 
basse frequence pour rejeter la composante 
basse frequence du premier signal multiplie et 
produire un signal a composante basse 
frequence rejetee; et 

io — des moyens additionneurs pour additionner le 
signal a composante basse frequence rejete et 
le second signal multiplie dans le signal a 
spectre etale de transmission. 

75 9. Emetteur-recepteur (figure 9) selon les 
revendications 5 ou 6, les differentes sequences 
de code a pseudo-bruit etant un ensemble de 
differentes sequences de code de longueur 
maximale generees par des horloges ayant une 

20 periode d'horloge predeterminee fixee par un 
polynome generateur unique et ayant respective- 
ment des valeurs initiates differentes, la sequence 
de code a pseudo-bruit de synchronisation etant 
une sequence de code de longueur maximale de 

25 synchronisation generee par des horloges et 
ayant une periode d'horloge predeterminee fixee 
par un polynome generateur different specifiant 
la periode de trame predeterminee et par la valeur 
initiate predeterminee, les differentes sequences 

30 de code a longueur maximale etant respective- 
ment assignees a I'un et aux modems specifiques 
restants, la premiere sequence de code a pseudo- 
bruit etant une premiere des differentes 
sequences de code de longueur maximale 

35 assignee au modem specifique, le signal 
d'information de transmission etant destine a etre 
regu par I'un des modems specifiques restants 
ayant ete preselectionne, caracterise en ce que: 

40 — les moyens generateurs d'un sequence de 
code a pseudo-bruit sont destines a generer 
une seconde des differentes sequences de 
code de longueur maximale en tant que la 
seconde sequence de code a pseudo-bruit 

45 selectionnee compte tenu du modem pre- 

selectionne; 

— les moyens de combinaison comprenant: 

— des moyens additionneurs pour additionner 
les premier et second signaux multiplies en un 

50 signal somme; et 

— des moyens rejecteurs d'une composante 
basse frequence pour rejeter au moins la 
composante basse frequence du signal somme 
pour produire le signal a spectre etale de 

55 transmission. 

10. Emetteur-recepteur (figure 14) selon la 
revendication 1, la ligne de transmission etant 
constitute par une ligne de transmission en 

60 boucle fermee, les modems etant constitues par 
un ensemble de modems specifiques couples ai6 
la ligne de transmission en boucle fermee, les 
differentes sequences de code a pseudo-bruit a 
I'exception de I'un predeterminee d'entre elles 

65 etant respectivement assignees aux modems 
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specifiques, la sequence de code a pseudo-bruit 
predetermined etant assignee en commun aux 
modems specifiques, chacun des modems etant 
constitue par Tun des modems specifiques, la 
premiere sequence de code a pseudo-bruit etant 
la sequence de code a pseudo-bruit assignee a 
chacun des modems specifiques, la seconde 
sequence de code a pseudo-bruit etant la 
sequence de code a pseudo-bruit assignee a Tun 
des modems specifiques ayant ete pre- 
selectionne, chacun des modems specifiques 
pouvant fonctionner selon un mode choisi parmi 
un mode de communication consistant a trans- 
mettre le signal d'information de transmission au 
modem preselectionne et a recevoir le signal 
d'information particuliere du modem preselec- 
tionne, un mode de detection de porteuse con- 
sistant a detecter si la seconde sequence de code 
a pseudo-bruit est presente ou absente dans le 
premier signal de spectre a spectre etale, un 2Q 
mode de transmission omnidirectionnelle 
consistant a transmettre le signal d'information 
de transmission a d'autres des modems 
specifiques en tant que le second signal a spectre 
etale, et un mode de reception omnidirectionnelle 25 
consistant a recevoir un signal a spectre etale 
omnidirectionnel lui etant fourni en tant que le 
premier signal a spectre etale, caracterise en ce 
que: 

30 

— les moyens generateurs de sequence de code a 
pseudo-bruit comprennent: 

— un premier moyen generateur de sequence de 
code a pseudo-bruit pour generer la sequence 

de code a pseudo-bruit predeterminee et la 35 
premiere sequence de code a pseudo-bruit en 
tant que Tune au moins des sequences de code 
a pseudo-bruit, respectivement dans le mode 
de transmission omnidirectionnelle, et dans 
chacun des modes de reception omni- 
directionnelle, de detection de porteuse et de 
communication; et 

— un second moyen generateur de sequence de 
code a pseudo-bruit pour generer la sequence 

de code a pseudo-bruit predeterminee et la 45 
seconde sequence de code a pseudo-bruit en 
tant que Tune au moins des sequences de code 
a pseudo-bruit respectivement dans chacun 
des modes de reception omnidirectionnelle et 
de transmission et dans chacun des modes de 50 
detection de porteuse et de communication; et 

— le premier moyen multiplicateur etant en outre 
destine a multiplier le premier signal a spectre 
etale par la sequence de code a pseudo-bruit 
generee par le premier moyen generateur de 55 
sequence de code a pseudo-bruit en tant que la 
sequence a code a pseudo-bruit predeterminee 
pour produire le premier signal multipiie; 

— le second moyen multiplicateur etant en outre 
destine a multiplier le signal d'entree par la 6Q 
sequence de code a pseudo-bruit generee par 

le second moyen generateur de sequence de 
code a pseudo-bruit en tant que la sequence de 
code a pseudo-bruit predeterminee pour 
produire le second signal multipiie; 65 



40 



— 'emetteur-recepteur comprenant en outre des 
moyens producteurs d'une signal de 
commande pour produire un signal de 
commande ayant une premiere et une seconde 
valeur, respectivement dans chacun des 
modes de reception omnidirectionnelle et de 
detection de porteuse et dans chacun des 
modes de transmission omnidirectionnelle et 
de communication; respectivement; 

— les moyens fournisseurs d'un signal d'informa- 
tion de transmission comprenant un premier 
commutateur repondant au signal de 
commande lorsqu'il a la premiere valeur, en 
fournissant le signal a spectre eleve de recep- 
tion au second moyen multiplicateur en tant 
que le signal d'entree et repondant au signal de 
commande lorsqu'il a la seconde valeur en 
fournissant le signal d'information de trans- 
mission au second moyen multiplicateur en 
tant que signal d'entree; 

— les moyens de combinaison comprenant: 

— des moyens rejecteurs d'une composante 
basse frequence pour rejeter la composante 
basse frequence du premier signal multipiie et 
produire un signal a composante basse 
frequence rejetee; 

— un troisieme moyen multiplicateur pour 
multiplier le signal a composante basse 
frequence rejetee par la sequence de code a 
pseudo-bruit generee par le premier moyen 
generateur de sequence de code a pseudo- 
bruit en tant que I'une ou I'autre de la sequence 
de code a pseudo-bruit predeterminee et de la 
premiere sequence de code a pseudo-bruit, et 
produire un troisieme signal multipiie; 

— des moyens additionneurs pour additionner le 
premier signal multipiie et un signal d'addition 
pour donner le signal a spectre etale de 
transmission; et 

— un second commutateur repondant au signal 
de commande, lorsqu'il a la premiere valeur, 
en ne fournissant aucun signal aux moyens 
additionneurs en tant que signal d'addition et 
produisant a la place le second signal multipiie 
en tant que signal de sortie du commutateur et 
repondant au signal de commande, lorsqu'il a 
la seconde valeur, en fournissant le second 
signal multipiie aux moyens additionneurs en 
tant que signal d'addition; 

— I'emetteur-recepteur comprenant en outre des 
moyens repondant au signal de sortie du 
commutateur en reproduisant le signal 
d'information particuliere contenu dans le 
signal a spectre etale de diffusion et en 
detectant si la seconde sequence de code a 
pseudo-bruit est presente ou absente dans le 
premier signal a spectre etale. 

11. Emetteur-recepteur (figure 15) selon la 
revendication 1, les differentes sequence de code 
a pseudo-bruit etant generees par des horioges 
ayant une periode d'horloge predeterminee fixee 
par un polynome generateur unique ayant 
respectivement differentes valeurs initiales, la 
periode d'horloge predeterminee definissant une 
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bande de frequence predetermined, et le signal 
d'information de transmission etant destine a etre 
regu par Tun des modems ayant ete pre- 
selectionne, caracterise en ce que: 

— la bande de frequence predeterminee est telle 
qu'elle est constitute par I bandes de 
frequence partielle ayant une largeur de bande 
partielle pratiquement commune et ne se 
chevauchant pratiquement pas les unes et les 
autres, ou I represente un entier predetermine 
superieur a un; 

— les modems etant repartis en I groupes, 
chaque groupe etant constitue par au moins 
deux des modems, les premiere a leme bandes 
de frequence partielle etant respectivement 
allouees aux premier a leme groupes divers 
des differents codes de pseudo-bruit etant 
assignes aux modems respectifs de chacun 
des groupes, chacun des modems etant un 
modem d'un groupe auquel est allouee une 
bande de frequence partielle particuliere parmi 
les bandes de frequence partielle, le modem 
preselectionne etant un modem d'un groupe 
auquel est allouee une bande de frequence 
partielle particuliere parmi les bandes de 
frequence partielle, le premier signal a spectre 
etale comprenant une composante a spectre 
etale particuliere dans la bande de frequence 
partielle particuliere: 

— les moyens producteurs d'une signal a spectre 
etale de reception comprenant des moyens 
pour extraire la composante a spectre etale 
particuliere du premier signal a spectre etale 
en tant que le signal a spectre etale de 
reception; 

— les moyens de combinaison comprenant: 

— I filtres ayant respectivement des bandes 
passantes aus premiere a leme bandes de 
frequence partielle; 

— des moyens pour selectionner Tun des premier 
a leme filtres ayant une bande passante a la 
bande de frequence partielle preselectionnee, 
le filtre selection ne repondant au second signal 
multiplie en produisant un signal a spectre 
etale a bande partielle dans la bande de 
frequence partielle preselectionnee; 

— des moyens rejecteurs d'une composante de 
spectre etale particuliere pour rejeter la 
composante du spectre etale particuliere du 
premier signal a spectre etale et produire un 
signal a composante de spectre etale 
particuliere rejetee; et 

— des moyens de composition pour composer a 
partir du premier signal multiplie, du signal a 
spectre etale a bande partielle et du signal a 
composante de spectre etale particuliere 
rejetee, le signal a spectre etale de trans- 
mission, la composante basse frequence etant 
rejetee du premier signal multiplie. 

12. Emetteur-recepteur (figure 15) selon la 
revendicatlon 11, la ligne de transmission etant 
constitute par une ligne de transmission en 
boucle fermee, les modems des premier a leme 



groupes etant constitues par un ensemble de 
modems specifiques couples a la ligne de trans- 
mission en boucle fermee, chacun des premier a 
leme groupes etant constitue d'au moins deux 

5 des modems specifiques, diverses des differentes 
sequences de code a pseudo-bruit etant 
respectivement assignees aux modems 
specifiques de chacun des groupes, chacun des 
modems etant un modem specifique d'un groupe 

w auquel est allouee la bande de frequence partielle 
particuliere et auquel est assignee la premiere 
sequence de code a pseudo-bruit, le modem 
preselectionne etant un modem specifique du 
groupe auquel est allouee la bande de frequence 

is partielle preselectionnee, et auquel est assignee 
la seconde sequence de code a pseudo-bruit, 
caracterise en ce que les moyens de composition 
comprennent: 

2o — des moyens rejecteurs d'un composante basse 
frequence pour rejeter ia composante basse 
frequence du premier signal multiplie et 
produire un signal a composante basse 
frequence rejetee; 

25 — un troisieme moyen multiplicateur pour multi- 
plier le signal a composante basse frequence 
rejetee par la premiere sequence de code a 
pseudo-bruit generee par les moyens genera- 
teurs de sequence de code a pseudo-bruit, et 

30 produire un troisieme signal multiplie; et 

— des moyens additionneurs pour additionner le 
troisieme signal multiplie, le signal a spectre 
etale a bande partielle et le signal a 
composante de spectre etale particuliere 

35 rejetee, pour donner le signal a spectre etale de 

transmission. 

13. Emetteur-recepteur (figure 17) selon les 
revendications 11 ou 12, le premier signal a 

4 0 spectre etale comportant une sequence de code a 
pseudo-bruit de synchronisation generee par des 
horloges ayant la periode d'horloge 
predeterminee fixee par un polynome generateur 
different et ayant une valeur initiale predeter- 

45 minee, caracterise en ce qu'il comprend en outre: 

— des moyens de regeneration d'un signal de 
synchronisation repondant au signal a spectre 
etale de reception en regenerant la sequence 

50 de code a pseudo-bruit de synchronisation; et 

- — des moyens pour fournir la sequence de code a 
pseudo-bruit de synchronisation regeneree 
aux moyens generateur de sequence de code a 
pseudo-bruit et synchroniser la. premiere 

55 sequence de code a pseudo-bruit generee par 

ceux-ci, avec la premiere sequence de code a 
pseudo-bruit portant le signal d'information 
particuliere dans le premier signal a spectre 
etale; 

qo — les moyens de composition produisant le 
signal a spectre etale de transmissions, la 
sequence, de code a pseudo-bruit de 
synchronisation contenue dans le premier 
signal a spectre etale, etant en substance 

65 contenue dans celuci-ci. 
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14. Emetteur-recepteur (figure 15) selon la 
revendication 11, la ligne de transmission etant 
constitute par une ligne de transmission en 
boucle fermee, les modems des premier a leme 
groupes etant constitues par un ensemble de 
modems specifiques couples a la ligne de trans- 
mission en boucle fermee, chacun des premier a 
leme groupes etant constitue d'au moins deux 
des modems specifiques, les differentes 
sequences de code a pseudo-bruit etant un 
ensemble de differentes sequences de code de 
longueur maximale generees par des horloges 
ayant une periode d'horloge predeterminee fixee 
par un polynome generateur unique et ayant 
respectivement les differentes valeurs initiales, 
diverses des sequences de code de longueur 
maximale etant respectivement assignees aux 
modems specifiques de chacun des groupes, la 
premiere sequence de code a pseudo-bruit etant 
une premiere des sequences de code de longueur 
maximale, chacun des modems etant un modem 
specifique d'un groupe auquel est allouee la 
bande de frequence partielle particuliere et 
auquel est assignee la premiere sequence de 
code de longueur maximale, le modem pre- 
selectionne etant un modem specifique de 
groupe auquel est allouee la bande de frequence 
partielle particuliere, caracterise en ce que: 

— les moyens generateurs de sequence de code a 
pseudo-bruit sont destines a generer une 
seconde des sequences de code longueur 
maximale en tant que la seconde sequence de 
code a pseudo-bruit selectionnee compte tenu 
du modem preselectionne; 

— les moyens de compositions comprenant: 

— des moyens rejecteurs d'une composante 
basse frequence pour rejeter la composante 
basse frequence du premier signal multiplie et 
produire un signal a composante basse 
frequence rejetee; et 

— des moyens additionneurs pour additionner le 
signal a composante basse frequence rejetee, 
le signal a composante basse frequence 
rejetee, le signal a spectre etale bande partielle 
et le signal a composante de spectre etale 
particuliere rejetee, pour donner le signal a 
spectre etale de transmission. 

15. Emetteur-recepteur (figure 15) selon la 
revendication 1, la ligne de transmission etant 
constitute par un ligne de transmission* en boucle 
fermee, les modems etant constitues par un 
ensemble de modems specifiques couples a la 
ligne de transmission en boucle fermee, les 
differentes sequences de code a pseudo : bruit 
etant un ensemble de sequences de code de 
longueur maximale differentes, generees par des 
horloges ayant une periode d'horloge pre- 
determinee fixee par un polynome generateur 
unique et ayant respectivement des valeurs 
initiales differentes, la periode d'horloge 
predeterminee definissant une bande de 
frequence predeterminee, le signal d'information 
de transmission etant destine a etre regu par I'un 



des modems specifiques ayant ete pre- 
selectionne, caracterise en ce que: 

— la bande de frequence predeterminee est telle 
qu'elle comprend I bandes de frequence 
partielle ayant une largeur de bande partielle 
pratiquement commune et ne se chevauchant 
pratiquement pas les unes et les autres, ou I 
represente un entier predetermine superieur a 
un; 

— les modems specifiques etant repartis en I 
groupes, chacun des groupes etant constitue 
d'au moins deux des modems specifiques, les 
premiere a leme bandes de frequence partielle 
etant respectivement allouees aux premier a 
leme groupes, diverses des sequences de code 
de longueur maximale etant respectivement 
assignees aux modems specifiques de chacun 
des groupes, la premiere sequence de code a 
pseudo-bruit etant une premiere des 
sequences de code de longueur maximale, 
chacun des modems etant un modem 
specifique d'un groupe auquel est allouee une 
bande de frequence partielle particuliere parmi 
les bandes de frequence partielle et auquel est 
allouee la premiere sequence de code de 
longueur maximale, le modem preselectionne 
appartenant a un groupe auquel est allouee 
une bande de frequence partielle pre- 
selectionnee parmi les bandes de frequence 
partielle, le premier signal a spectre etale 
comprenant une composante de spectre etale 
particuliere dans la bande de frequence 
partielle particuliere; 

— les moyens producteurs d'un signal a spectre 
etale de reception comprenant des moyens 
pour extraire la composante de spectre etale 
pariculiere du premier signal a spectre etale en 
tant que le signal a spectre etale de reception; 

— les moyens generateurs de sequence de code a 
pseudo-bruit etant destines a generer une 
seconde des sequences de code de longueur 
maximale en tant que la seconde sequence de 
code a pseudo-bruit ayant ete selectionnee 
compte tenu du modem preselectionne; 

— les moyens de combinaison comprenant: 

— des moyens additionneurs pour additionner 
les premier et second signaux multiplies en un 
signal somme; 

— des moyens rejecteurs d'une composante 
basse frequence pour rejeter au moins la 
composante basse frequence du signal somme 
et produire un signal a composante basse 
frequence rejetee; 

— I filtres ayant des bandes passantes respective- 
ment situees aux premiere a leme bandes de 
frequence partielle; 

— des moyens pour selectionner Tune des 
premier a leme filtres ayant une bande 
passante situee a la bande de frequence 
partielle preselectionnee; le filtre selectionne 
repondant au signal a composante basse 
frequence rejetee en produisant un signal a 
spectre etalee a bande partielle dans la bande 
de frequence partielle preselectionnee; 
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— des moyens rejecteurs d'une composante de 
spectre etale particuliere pour rejeter la 
composante de spectre etale particuliere du 
premier signal a spectre etale de produire un 
signal a composante de spectre etale 
particuliere rejetee; et 

— des moyens de composition pour composer a 
partir du signal a composante basse frequence 
rejetee du signal a spectre etale a bande 
partielle et du signal a composante de spectre 
etalee particuliere rejete le signal a spectre 
etale de transmission. 

16. Emetteur-recepteur (figure 17) selon les 
revendications 14 ou 15, le premier signal a 
spectre etale comportant une sequence de code 
de longueur maximale de synchronisation 
generee par des horloges ayant la periode 
d'horloge predeterminee fixee par un polynome 
generateur different et ayant une valeur initiale 
predeterminee, caracterise en ce qu'il comprend 
en outre: 

— des moyens de regeneration d'un signal de 
synchronisation repondant au signal a spectre 
etale de reception en regenerant la sequence 
de longueur de code maximale de 
synchronisation; et 

— des moyens pour fournir la sequence de code 
de longueur maximale de synchronisation 
regeneree aux moyens generateurs de 
sequence de code a pseudo-bruit pour syn- 
chroniser la premiere sequence de code de 
longueur maximale generee par ceux-ci, avec 
la premiere sequence de code de longueur 
maximale portant le signal d'information 
particuliere dans le premier signal a spectre 
etale; 

— les moyens de composition produisant le 
signal a spectre etale de transmission, la 
sequence de code de longueur maximale de 
synchronisation contenue dans le premier 
signal a spectre etale etant en substance 
contenue dans celui-ci. 

17. Emetteur-recepteur (figure 15) selon Tune 
quelconque des revendications 11, 12, 14 et 15, 
caracterise en ce que: 

— la bande de frequence predeterminee est fixee 
de fagon a comprendre une bande de trans- 
mission d'un signal de synchronisation dans 
une partie centrale de la bande de frequence 
predeterminee de fagon a ne pas chevaucher 
les premiere a leme bandes de frequence 
partielle, le premier signal a spectre etale 
contenant un signal de synchronisation dans la 
bande de transmission d'un signal de syn- 
chronisation; 

— les moyens producteurs d'un signal a spectre 
etale de reception comprenant en outre: 

— un filtre passe-bande ayant une bande 
passante situee a la bande de transmission 
d'un signal de synchronisation pour produire 



le signal de synchronisation a partir du premier 
signal a spectre etale; et 

— des moyens pour fournir le signal de 
synchronisation obtenu aux moyens 

s generateurs de sequence de code a pseudo- 
bruit et synchroniser la premiere sequence de 
code a pseudo-bruit generee par ceux-ci avec 
la premiere sequence de code a pseudo-bruit 
portant le signal d'information particuliere 

jo clans le premier signal a spectre etale; 

— les moyens de composition produisant le 
signal a composante de spectre etale 
particuliere rejetee, le signal synchronise 
contenu dans le premier signal a spectre etale 

75 etant contenu dans celui-ci. 

18. Emetteur-recepteur (figure 29) selon la 
revendication 1, les modems traitant des signaux 
d'information ayant un ensemble de differentes 
20 periodes d'horloge de donnees, chacun des 
signaux d'information particuliere et de trans- 
mission ayant I'une des differentes periodes 
d'horloge de donnees, caracterise en ce que: 

25 — les differentes sequences de code a pseudo- 
bruit sont constitutes par des sequences de 
code a pseudo-bruit appartenant a Q families, 
ou Q represente un en tier predetermine 
superieur a un, les sequences de code a 

30 pseudo-bruit de la premiere famille etant 
destinees a au moins un des modems traitant 
des signaux d'information ayant la plus courte 
des differentes periodes d'horloge de donnee, 
les sequences de code a pseudo-bruit de la Q 

35 erne famille etant destinees a au moins un des 
modems traitant des signaux d'information 
ayant la plus longue des differentes periodes 
d'horloge de donnees, les premiere a Q erne 
families de sequences de code a pseudo-bruit 

40 etant donnees par des sequences de code a 
pseudo-bruit d'un premier a un Q erne type 
defini ci-apres, les sequences de code a 
pseudo-bruit du premier type etant generees 
par des horloges ayant un premiere periode 

45 d'horloge fixee par un premier polynome 

generateur specifiant une premiere periode de 
trame qui n'est pas superieure a la periode 
d'horloge de donnee la plus courte et ayant 
respectivement des valeurs initiales 

so differentes, les sequences de code a pseudo- 

bruit du Qeme type etant generees par des 
horloges ayant une qeme periode d'horloge 
fixee par un qeme polynome generateur 
specifiant une qeme periode de trame et ayant 

5 5 respectivement des valeurs initiales 

differentes, ou q represente un entier compris 
entre deux et Q, ces deux valeurs etant indues, 
la qeme periode d'horloge etant egale a un 
multiple entier de la (q-1)eme periode de 

60 trame, le multiple entier etant choisi parmi des 
entiers naturels pour chacune des seconde a 
Qeme periodes d'horloge, la Qeme periode de 
trame n'etant pas superieure a la periode 
d'horloge de donnee la plus longue, les 

65 sequences de code a pseudo-bruit de la 



62 



123 



0 041 253 



124 



premiere famille etant respectivement 
donnees par celles des sequences de code a 
pseudo-bruit du premier type qui sont pre- 
seiectionnees en laissant de cote au moins une 
sequence de code a pseudo-bruit du premier 
type, chacune des sequences de code a 
pseudo-bruit de la qeme famille etant donnee 
par un produit d'une premiere a une qeme 
sequence de code a pseudo-bruit consecutive, 
les premiere a (q— 1 )eme sequences de code de 
pseudo-bruit consecutives etant celles qui sont 
preselection nees parmi au moins les 
sequences de code a pseudo-bruit restantes de 
chacun des premier a (q-1)eme types, la qeme 
sequence de code a pseudo-bruit consecutive 
etant preselectionnee parmi les sequences de 
code a pseudo-bruit du qeme type, au moins 
une sequence de code a pseudo-bruit du qeme 
type etant laissee de cote sauf si q est egal a Q, 
chaque sequence de code a pseudo-bruit 
consecutive utilisee pour fournir le produit 
etant preselectionnee de fagon a ne pas etre 
une replique de Tune quelconque des 
sequences de code a pseudo-bruit 
consecutives utilisees pour fournir les produits 
pour d'autres sequences de code a pseudo- 
bruit de la qeme famille; 

— les moyens generateurs de sequence a 
pseudo-bruit etant destines a generer au 
moins une sequence de code a pseudo-bruit 
de ia q'eme famille en tant que les premiere 
et seconde sequences de code a pseudo- 
bruit, ou q' represente un entier choisi entre 
un et Q, ces deux valeurs etant indues, de 
fagon a ce que la q'eme periode de trame ne 
soit pas plus longue que ia periode 
d'horloge de donnee et qu'elle soit la plus 
proche de celle-ci, parmi les premiere a 
Qeme periodes de trame. 

19. Emetteur-recepteur (figure 29) selon la 
revendication 18, la ligne de transmission etant 
constitute par une ligne de transmission en 
boucie fermee, les modems etant constitues par 
un ensemble de modems specifiques couples a la 
ligne de transmission en boucie fermee, les 
sequences de code a pseudo-bruit des premiere a 
Qeme families etant assignees aux modems 
specifiques en fonction des periodes d'horloge de 
donnee des signaux d'information traites par ces 
modems, chacun des modems etant Tun des 
modems specifiques, la premiere sequence de 
code a pseudo-bruit etant la premiere des 
sequences de code a pseudo-bruit de la q'eme 
famille qui est assignee a chacun des modems 
specifiques le signal d'information de trans- 
mission etant destine a etre regu par I'un des 
modems specifiques ayant ete preselection ne et 
traitant des signaux d'information ayant la 
periode d'horloge de donnee, la seconde 
sequence de code a pseudo-bruit etant la seconde 
des sequence de code a pseudo-bruit de la q'eme 
famille qui est assignee au modem pre- 



selectionne, caracterise en ce que les moyens de 
combinaison comprennent: 

— des moyens rejecteurs d'une composante 
basse frequence pour rejeter la composante 
basse frequence du premier signal multiplie et 
produire un signal a composante basse 
frequence rejetee; 

— un troisieme moyen multiplicateur pour multi- 
plier le signal a composante basse frequence 
rejetee par la premiere sequence de code a 
pseudo-bruit de la g'eme famille et produire un 
troisieme signal multiplie; et 

— des moyens additionneurs pour additionner 
les second et troisieme signaux multiplies, 
pour donner le signal a spectre etale de 
transmission. 

20. Emetteur recepteur (figure 31) selon la 
revendication 1, les modems traitant des signaux 
d'information ayant plusieurs periodes d'horloge 
de donnee differentes, chacun des signaux 
d'information particuliere et de transmission 
ayant Tune des differentes periodes d'horloge de 
donnee, caracterise en ce que: 

— les differentes sequences de code a pseudo- 
bruit sont constitutes par des sequences de 
code a pseudo-bruit appartenant a Q-familles, 
ou Q represente un entier predetermine 
superieur a un, les sequences de code a 
pseudo-bruit de la premiere famille etant 
destinees a au moins I'un des modems traitant 
des signaux d'information ayant la plus courte 
des differentes periodes d'horloge de donnee, 
les sequences de code a pseudo-bruit de la 
Qeme famille etant destinees a au moins un 
des modems traitant des signaux d'informa- 
tion ayant la plus longue des differentes 
periodes d'horloge de donnee, les sequences 
de code a pseudo-bruit des premiere a Qeme 
families etant donnees par des sequences de 
code a pseudo-bruit d'un premier a un Qeme 
type definis ci-apres, les sequences de code a 
pseudo-bruit du premier type etant generees 
par des horloges ayant une premiere periode 
d'horloge fixee par un premier polynome 
generateur specifiant une premiere periode de 
trame n'etant pas superieur a la plus courte des 
periodes d'horloge de donnee et ayant 
respectivement differentes valeurs initiales, les 
sequences de code a pseudo-bruit du qeme 
type etant generees par des horloges ayant 
une qeme periode d'horloge fixee par un qeme 
polynome generateur specifiant une qeme 
periode de trame et ayant respectivement des 
valeurs initiales differentes, ou q represente un 
entier compris entre deux et Q, ces deux 
valeurs etant indues, la qeme periode 
d'horloge etant egale a un multiple entier de la 
(q-1)eme periode de trame, le multiple entier 
etant choisi parmi des entiers naturels pour 
chacune des seconde a Qeme periodes 
d'horloge, la Qeme periode de trame n'etant 
pas superieure a la plus longue des periodes 



63 



125 



0 041 253 



126 



d'horloge de donnee, les sequences de code a 
pseudo-bruit de la premiere famille etant 
respectivement donnees par des combinaisons 
d'un premier ensemble, chaque combinaison 
du premier ensemble n'etant constitute que 
par une seule sequence de code a pseudo-bruit 
preselectionnee parmi les sequences de code a 
pseudo-bruit du premier type, au moins une 
des sequences de code a pseudo-bruit du 
premier type etant laissee de cote, chacune des 
sequences de code a pseudo-bruit de la qeme 
famille etant donnee par un produit d'une 
premiere a une qeme sequence de code a 
pseudo-bruit consecutive, les premiere a (q— 1) 
erne sequences de code a pseudo-bruit 
consecutives etant celles qui sont pre- 
seiectonnees parmi les sequences de code a 
pseudo-bruit restantes de chacun des premier 
a (q— 1 )eme types, la qeme sequence de code a 
pseudo-bruit consecutive etant pre- 
selectionnee parmi les sequences de code a 
pseudo-bruit du qeme type, au moins une 
sequence de code a pseudo-bruit du qeme type 
etant laissee de cote sauf si q est egal a Q, 
chacune des premiere a qeme sequences de 
code a pseudo-bruit consecutives utilisees 
pourfournir les signal etant preselectionnee de 
fagon a ne pas etre la replique de Tune 
quelconque des premiere a qeme sequences 
de code a pseudo-bruit consecutives qui sont 
utilisees pour fournir les produits dans les cas 
des autres sequences de code a pseudo-bruit 
de la qeme famille; 

— les moyens generateurs de sequence de code a 
pseudo-bruit etant destines a generer au moins 
une sequence code a pseudo-bruit consecutive 
des combinaisons du de q'eme ensemble 
destinee a etre ultilisee en tant que les 
premiere et seconde sequences de code a 
pseudo-bruit ou q' represente un entier choisi 
entre un et Q, ces deux valeurs etant indues, 
de fagon a ce que la q'eme periode de trame ne 
soit pas superieure a la periode d'horloge de 
donnee et qu'elle en soit la plus proche parmi 
les premiere a Qeme periodes de trame; 

— le moyen multiplicateur comprenant des 
moyens pour produire le premier signal 
multiplie par multiplication du signal a spectre 
etale de reception dans un ordre predetermine 
par au moins une sequence de code a pseudo- 
bruit consecutive des combinaisons du q'eme 
ensemble destinee a etre utilisee en tant que la 
premiere sequence de code a pseudo-bruit; 

— les second moyen multiplicateur comprenant 
des moyens pour produire le second signal 
multiplie par multiplication du signal 
d'information de transmission dans un ordre 
preselectionne par au moins une sequence de 
code a pseudo-bruit consecutive des 
combinaisons du q'eme ensemble destinee a 
etre utilisee en tant que la seconde sequence 
de code a pseudo-bruit. 

21. Emetteur-recepteur (figure 32) selon la 
revendication 20, la Hgne de transmission etant 



constitute par une ligne de transmission en 
boucle fermee, les modems etant constitues par 
un ensemble de modems specifiques couples a la 
ligne de transmission en boucle fermee, les 

5 sequences de code a pseudo-bruit des premiere a 
Qeme famille etant respectivement assignees aux 
modems specifiques, en fonction des periodes 
d'horloge de donnee des signaux d'information 
traites par ces modems, chacun des modems 

ro etant Tune des modems specifiques, la premiere 
sequence de code a pseudo-bruit etant la 
premiere des sequences de code a pseudo-bruit 
de la q'eme famille qui est assignee a chacun des 
modems specifiques, le signal d'information de 

75 transmission etant destine a etre regu par Tun des 
modems specifiques ayant ete preselectionne, 
traitant des signaux d'information ayant la 
periode d'horloge de donnee, la seconde 
sequence de code a pseudo-bruit etant la seconde 

20 des sequences de code a pseudo-bruit de la 
q'eme famille assignee au modem pre- 
selectionne, caracterise en ce que les moyens de 
combinaison comprennent: 

25 — des moyens rejecteurs d'une composante 
basse frequence pour rejeter la composante 
basse frequence du premier signal multiplie et 
produire un signal a composante basse 
frequence rejetee; 

30 — un troisieme moyen multiplicateur pour multi- 
plier le signal a composante basse frequence 
rejetee dans I'ordre preselectionne par au 
moins une sequence de code a pseudo-bruit 
consecutive de la combinaison du q'eme 

35 ensemble destinee a etre utilisee en tant que la 

premiere sequence de code a pseudo-bruit, le 
troisieme moyen multiplicateur produisant 
ainsi un troisieme signal multiplie; et 

— des moyens additionneurs pour additionner 
40 les second et troisieme signaux multiplies pour 

ddnner le signal a spectre etale de trans- 
mission. 

22. Emetteur-recepteur (figure 34) selon la 

45 revendication 1 repondant en outre a un premier 
signal multiplex a repartition temporelie 
comprenant une sequence de bits particuliere et 
regu sur la ligne de transmission pour reproduire 
la sequence de bits particuliere et repondant a un 

60 signal d'information d'entree en fournissant sur la 
ligne de transmission un second signal multiplex 
a repartition temporelie ; comprenant une 
sequence de bits de transmission representative 
du signal d'information d'entree, les differentes 

55 sequences de code a pseudo-bruit etant generees ' 
par des horloges ayant une periode d'horloge 
predeterminee fixee par un polynome generateur 
unique et ayant respectivement des valeurs 
initiales differentes, la periode d'horloge 

60 predeterminee definissant une bande de 
frequence predeterminee, caracterise en ce que: 

— la bande de frequence predeterminee est 
divisee en une bande de frequence superieure 

55 et une bande de frequence inferieure, la bande 
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de frequence superieure n'ayant pas une 
largeur inferieure a environ un cinquieme de la 
bande de frequence predeterminee et servant a 
ia transmission des premier et second signaux 
a spectre etale, ayant une bande de frequence 
limitee a la bande de frequence superieure, la 
bande de frequence inferieure servant a la 
transmission des premier et second signaux 
multiplex a repartition temporelle ayant une 
bande de frequence limitee a la bande de 
frequence inferieure; 

— les moyens producteurs d'un signal a spectre 
etale de reception comprenant uf filtre passe- 
haut d'entree repondant au premier signal a 
spectre etale a bande limitee en produisant le 
signal a spectre etale de reception; 

— les moyens fournisseurs d'un second signal a 
spectre etale comprenant un filtre passe-haut 
de sortie repondant au signal a spectre etale de 
transmission en produisant le second signal a 
spectre etale a bande limitee en tant que le 
second signal a spectre etale; 

— I'emetteur-recepteur comprenant en outre: 

— un filtre passe-bas d'entree repondant au 
premier signal multiplex a repartition 
temporelle a bande limitee en produisant un 
signal multiplex a repartition temporelle recu; 

— des moyens repondant au signal multiplex a 
repartition temporelle regu en separant la 
sequence binaire particuliere d'autres 
sequences binaires contenues dans le signal 
multiplex a repartition temporelle regu pour 
produire la sequence binaire particuliere; 

— des moyens repondant au signal d'information 
d'entree en produisant la sequence binaire de 
transmission; 

— des moyens pour multiplexer la sequence 
binaire de transmission et les autres sequences 
binaires en un signal multiplex a repartition 
temporelle de transmission; et 

— un filtre passe-bas de sortie repondant au 
signal multiplex a repartition temporelle de 
transmission en produisant le second signal 
multiplex a repartition temporelle a bande 
limitee. 

23. Emetteur-recepteur (figure 24) destine a etre 
utilise dans un reseau de telecommunication 
multiplex a etalement de spectre comprenant une 
ligne de transmission amont et une ligne de 
transmission aval et un ensemble de modems 
couples aux lignes de transmission amont et aval, 
I'emetteur-recepteur etant constitue par chacun 
des modems de fagon a repondre a un premier 
signal a spectre etale provenant de la ligne de 
transmission aval et constitue par un signal a 
spectre etale dans lequel une premiere d'un 
ensemble de differentes sequences de code a 
pseudo-bruit est modulee par un signal 
d'information particuliere pour reproduire le 
signal d'information particuliere, et a repondre a 
un signal d'information de transmission pour 
fournir vers Tune des modems ayant ete pre- 
selectionne par I'intermediaire de la iigne de 
transmission amont, un. second signal a spectre 



etale constitue par un signal a spectre etale dans 
lequel une seconde des sequences de code a 
pseudo-bruit est modulee par le signal d'informa- 
tion de transmission, i'emetteur-recepteur 

5 comportant des moyens produisant un signal a 
spectre etale de reception repondant au premier 
signal a spectre etale en produisant un signal a 
spectre etale de reception, des moyens genera- 
teurs de sequence de code a pseudo-bruit pour 

w generer au moins une des differentes sequences 
de code a pseudo-bruit en tant que les premiere et 
seconde sequences de code a pseudo-bruit, un 
premier moyen multiplicateur pour multiplier le 
signal a spectre etale de reception par la 

15 sequence de code a pseudo-bruit generee par les 

; moyens generateurs de sequences de code a 
pseudo-bruit pour produire un premier signal 
multiplie, des moyens extracteurs d'une 
composante basse frequence pour extraire une 

20 composante basse frequence du premier signal 
multiplie et produire un signal basse frequence, 
des moyens repondant au signal basse frequence 
en produisant le signal d'information particuliere, 
un second moyen multiplicateur pour multiplier 

25 le signal d'information de transmission par la 
seconde sequence de code a pseudo-bruit 
generee par les moyens generateurs de sequence 
de code a pseudo-bruit pour produire un second 
signal multiplie, et des moyens fournisseurs d'un 

3Q second signal a spectre etale pour fournir le 
second signal multiplie en tant que le second 
signal a spectre etale sur la ligne de transmission, 
les differentes sequences de code a pseudo-bruit 
etant generees par des horloges ayant une 

35 periode d'horloge predeterminee fixee par un 
polyndme generateur unique, et ayant respective- 
ment differentes valeurs initiales, la periode 
d'horloge predeterminee definissant une bande 
de frequence predeterminee, caracterise en ce 

40 °l ue: 

— ia bande de frequence predeterminee est fixee 
de fagon etre constitute par I bandes de 
frequence partielle ayant des largeurs de 

45 bande partielle pratiquement communes et ne 

se chevauchant pratiquement pas, ou I 
represente un entier predetermine superieur a 
un 

— les modems etant repartis en I groupes, 
5Q chaque group'e etant constitue d'au moins 

deux des modems, les premiere a leme bandes 
de frequence partielle etant respectivement 
allouees aux premier a leme groupes, diverses 
des differentes sequences de code a pseudo- 

55 bruit etant assignees aux modems respectifs 

de chacun des groupes, chacun des modems 
etant un modem d'un groupe auquel est 
aliouee une bande de frequence partielle 
particuliere parmi les bandes de frequence 

60 partielle, le modem preselectionne etant un 

modem d'un groupe auquel est aliouee une 
bande de frequence partielle preselection nee 
parmi les bandes de frequence partielle, le 
premier signal a spectre etale comprenant une 

65 composante de spectre etale particuliere dans 
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!a bande de frequence partielle particuliere; 

— les moyens producteurs d'un signal a spectre 
etale de reception comprenant des moyens 
pour extraire la composante de spectre etale 
particuliere du premier signal a spectre etale 
en tant que le signal a spectre etale de 
reception; 

— les moyens fournisseurs d'un second signal a 
spectre etale comprenant: 

— I filtres ayant des bandes passantes respective- 
ment situees aux premiere a leme bandes de 
frequence partielle; et 

— des moyens pour seiectionner Tun des premier 
a leme filtres ayant une bande passante situee 
a la bande de frequence partielle pre- 
selectionnee, le filtre selectionne repondant au 
second signal multiplie en produisant le 
second signal a spectre etale dans la bande de 
frequence partielle preselectionnee. 

24. Emetteur-recepteur (figure 24) selon la 
revendication 23, caracterise en ce que: 

— la bande de frequence predeterminee est fixee 
de fagon a comprendre en outre une bande de 
transmission d'un signal de synchronisation 
situee dans une partie centrale de la bande de 
frequence predeterminee de maniere a ne pas 
chevaucher les premiere a leme bandes de 
frequence partielle, le premier signal a spectre 
etale contenant un signal de synchronisation 
dans la bande de transmission d'un signal de 
synchronisation; 

— les moyens producteurs d'un signal a spectre 
etale de reception comprenant en outre: 

— un filtre passe-bande ayant une bande 
passante a la bande de transmission d'un 
signal de synchronisation pour obtenir le 
signal de synchronisation a partir du premier 
signal a spectre etale et 

— des moyens pour fournir le signal de 
synchronisation obtenu aux moyens genera- 
teurs de sequence de code a pseudo-bruit pour 
synchroniser la premiere sequence de code a 
pseudo-bruit generee par ceux-ci avec la 
premiere sequence de code a pseudo-bruit 
portant le signal d'information particuliere 
dans le premier signal a spectre etale. 

25. Emetteur-recepteur (figure 29) destine a etre 
utilise dans un reseau de communication 
multiplex a etaiement de spectre comprenant une 
ligne de transmission amont et une ligne de 
transmission aval et un ensemble de modems 
couples aux lignes de transmission amont et aval 
et traitant des signaux d'information ayant 
plusieures periodes d'horloge de donnee 
differentes, I'emetteur-recepteur etant constitue 
par un modem traitant des signaux d'information 
ayant I'une des differentes periodes d'horloge de 
donnee de fagon a repondre a un premier signal a 
spectre etale regu sur la ligne de transmission 
aval et constitue par un signal a spectre etale dans 
Iequel la premiere de differentes sequences de 
codes a pseudo-bruit est modulee par un signal 



d'information particuliere ayant la periode 
d'horloge de donnees en reproduisant le signal 
d'information particuliere, et a repondre a un 
signal d'information de transmission ayant la 
5 periode d'horloge de donnees en fournissant vers 
un modem preselectionne traitant des signaux 
d'information ayant la periode d'horloge de 
donnee, par I'intermediaire de la ligne de trans- 
mission amont, un second signal a spectre etale 
w constitue par un signal a spectre etale dans Iequel 
une seconde des sequences de code a pseudo- 
bruit est modulee par le signal d'information de 
transmission, I'emetteur-recepteur comprenant 
des moyens producteurs d'un signal a etaiement 
75 de spectre de reception repondant au premier 
signal a etaiement de spectre en produisant un 
signal a spectre etale de reception, des moyens 
generateurs de sequence de code a pseudo-bruit 
pour generer au moins une des differentes 

20 sequences de code a pseudo-bruit en tant que les 
premiere et seconde sequences de code a 
pseudo-bruit; un premier moyen multiplicateur 
pour multiplier le signal a spectre etale de 
reception par la premiere sequence de code a 

25 pseudo-bruit genere par les moyens generateurs 
de sequence de code a pseudo-bruit pour 
produire un premier signal multiplie, des moyens 
extracteurs d'une composante basse frequence 
pour extraire une composante basse frequence 

30 du premier signal multiplie et produire un signal 
basse frequence, des moyens repondant au 
signal basse frequence en produisant le signal 
d'information particuliere, un second moyen 
multiplicateur pour multiplier le signal d'informa- 

35 tion de transmission par la seconde sequence de 
code a pseudo-bruit generee par les moyens 
generateurs de sequence de code a pseudo-bruit 
en produisant un second signal multiplie, et des 
moyens fournissant un second signal a spectre 

40 etale pour fournir le second signal multiplie en 
tant que le second signal a spectre etale, carac- 
terise en ce que: 

— les differentes sequences de code a pseudo- 

4 5 bruit sont constitutes de sequences de code a 

pseudo-bruit appartenant a Q-famiiles, ou Q 
represente un entier predetermine superieur a 
un, les sequences de code a pseudo-bruit de la 
premiere famiile etant destinees a au moins un 

so modem traitant des signaux d'information 

ayant la plus courte des differentes periodes 
d'horloge de donnee, les sequences de code a 
pseudo-bruit de la Qeme famiile etant 
destinees a au moins un modem traitant des 

55 signaux d'information ayant la plus longue des 

frequences d'horloge de donnee, les 
sequences de code a pseudo-bruit des 
premiere a Qeme families etant donnees par 
des sequences de code a pseudo-bruit d'un 

60 premier a un Qeme type defini ci-apres, les 

sequences de code a pseudo-bruit du premier 
type etant generees par des horloges ayant 
une premiere periode d'horloge fixee par un 
premier polynome generateur specifiant une 

65 premiere periode de trame qui n'est par 



66 



131 



0 041 253 



132 



superieure a la plus courte des periodes 
d'horloge donnees et ayant respectivement 
differentes valeur initiales, les sequences de 
code a pseudo-bruit du qeme type etant 
generees par les horloges ayant une qeme 
periode d'horloge fixee par un qeme polynome 
generateur specifiant une qeme periode de 
trame et ayant respectivement differentes 
valeurs initiales, oil q represente un entier 
compris entre deux et Q, ces deux valeurs etant 
indues, la qeme periode d'horloge etant egale 
a un multiple entier de la (q— 1)eme periode de 
trame, le multiple entier etant choisi parmi les 
entiers naturels pour chacune des seconde a 
Qeme periodes d'horloge, la Qeme periode de 
trame n'etant pas plus longue que la plus 
longue des periodes d'horloge de donnee, les 
sequences de code a pseudo-bruit de la 
premiere famille etant respectivement 
donnees par celles des sequences de code a 
pseudo-bruit du premier type qui sont pre- 
selectionnees, Tune au moins des sequences 
de code a pseudo-bruit du premier type etant 
laissee de cote, chacune des sequences de 
code a pseudo-bruit de la qeme famille etant 
donnee par un produit d'une premiere a une 
qeme sequence de code a pseudo-bruit 
consecutive, les premiere a (q-l)eme 
sequence de code a pseudo-bruit consecutives 
etant celles qui sont preselectionnees parmi les 
sequences de code a pseudo-bruit restantes de 
chacun des premier a q-1 erne types, la qeme 
sequence de code de pseudo-bruit consecutive 
etant preselectionnee parmi les sequences de 
code a pseudo-bruit du qeme type, I'une au 
moins des sequences de code a pseudo-bruit 
du qeme type etant laissee de cote, sauf si q est 
egal a Q chacune des premiere a qeme 
sequences de code a pseudo-bruit 
consecutives utilisees pour fournir le produit 
etant selectionne de fagon a ne pas etre la 
replique de I'une quelconque des premiere a 
qeme sequences de code a pseudo-bruit 
consecutives utilisees pour fournir les produits 
des autres sequences de code a pseudo-bruit 
de la qeme famille; 
— les moyens generateurs de sequence de code a 
pseudo-bruit etant destines a generer au moins 
une sequence de code a pseudo-bruit de la 
q'eme famille en tant que les premiere et 
seconde sequences de code a pseudo-bruit ou 
q' represente un entier choisi entre un et Q, ces 
deux valeurs etant indues, de fagon a ce que la 
qeme periode de trame ne soit pas plus longue 
que la periode d'horloge de donnee; et qu'elle 
en soit la plus proche parmi les premiere a 
Qeme periodes de trame. 

26. Emetteur-recepteur (figure 31) destine a etre 
utilise dans un reseau de telecommunication 
multiplex a etalement de spectre comprenant une 
ligne de transmission amont et une ligne de 
transmission aval et un ensemble de modems 
couples aux lignes de transmission amont et aval 
et traitant des signaux d'information ayant 



plusieurs periodes d'horloge de donnee 
differentes, I'emetteur-recepteur etant constitue 
par un modem traitant des signaux d'information 
ayant I'une des differentes periodes d'horloge de 
donnee de fagon a repondre a un premier signal a 
spectre etale regu sur la ligne de transmission 
aval et constitue par un signal a spectre etale dans 
lequel la premiere de differentes sequences de 
code a pseudo-bruit est modulee par un signal 
d'information particuliere ayant la periode 
d'horloge de donnee, en reproduisant le signal 
d'information particuliere, et a repondre a un 
signal d'information de transmission ayant la 
periode d'horloge de donnee en fournissant vers 
I'un des modems preselectionne traitaht des 
signaux d'information ayant la periode d'horloge 
de donnee, par I'intermediaire de la ligne de 
transmission amont, un second signal a spectre 
etale constitue par un signal a spectre etale dans 
lequel une seconde des sequences de code a 
pseudo-bruit est modulee par le signal d'informa- 
tion de transmission, I'emetteur-recepteur com- 
portant des moyens produisant un signal a 
spectre etale de reception repondant au premier 
signal a spectre etale en produisant un signal a 
spectre etale de reception, des moyens 
generateurs de sequences de code a pseudo-bruit 
pour generer au moins une des differentes 
sequences de code a pseudo-bruit en tant que les 
premiere et seconde sequences de code a 
pseudo-bruit, un premier moyen multiplicateur 
pour multiplier le signal a spectre etale de 
reception par la premiere sequence de code a 
pseudo-bruit generee par les moyens generateurs 
de sequence de code a pseudo-bruit et produire 
un premier signal multiplie, des moyens 
extracteurs d'une composante basse frequence 
pour extraire une composante basse frequence 
du premier signal multiplie et produire un signal 
basse frequence, des moyens repondant au 
signal basse frequence produisant le signal 
d'information particuliere, un second moyen 
multiplicateur pour multiplier le signal d'informa- 
tion de transmission par la seconde sequence de 
code a pseudo-bruit generee par les moyens 
generateurs de sequences de code a pseudo-bruit 
et produire un second signal multiplie, et des 
moyens fournissant un second signal a spectre 
etale pour fournir le second signal multiplie en 
tant que le second signal a spectre etale, carac- 
terise en ce que: 

— les differentes sequences de code a pseudo- 
bruit sont constitutes de sequences de code a 
pseudo-bruit appartenant a Q families, ou Q 
represente un entier predetermine superieur a 
un, les sequences de code a pseudo-bruit de la 
premiere famille etant destinees a au moins un 
modem traitant des signaux d'information 
ayant ia plus courte des differentes periodes 
d'horloge de donnee, les sequences de code a 
pseudo-bruit de la Q-eme famille etant 
destinees a au moins un modem traitant des 
signaux d'information ayant la plus longue des 
differentes periodes d'horloge de donnee, les 
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sequences de code a pseudo-bruit des 
premiere a Qeme families etant donnees par 
des sequences de code a pseudo-bruit d'un 
premier a un qeme type defini ci-apres, les 
sequences de code a pseudo-bruit du premier 
type etant generes par des horloges ayant une 
premiere periode d'horloge fixee par un 
premier polynome generateur specif iant une 
premiere periode de trame qui n'est pas plus 
longue que la periode d'horloge de donnee la 
plus courte et ayant respectivement differentes 
valeurs initiales, les sequences de code a 
pseudo-bruit du qeme type etant generees par 
des horloges ayant une qeme periode 
d'horloge fixee par un qeme polynome 
generateur specifiant une qeme periode de 
trame et ayant respectivement differentes 
valeurs initiales, ou q represente un entier 
compris entre deux et Q, ces deux valeurs etant 
indues, fa qeme periode d'horloge etant egale 
a un multiple entier de la (q— 1 )eme periode de 
trame, le multiple entier etant choisi parmi des 
entiers naturels pour chacune des seconde a 
Qeme periodes d'horloge, la Qeme periode de 
trame n'etant pas plus longue que la periode 
d'horloge de donnee la plus longue, les 
sequences de code a pseudo-bruit de la 
premiere famille etant respectivement 
donnees par des combinaisons d'un premier 
ensemble, chaque combinaison du premier 
ensemble n'etant constitute que par une seule 
sequence de code a pseudo-bruit pre- 
selectionnee parmi les sequences de code a 
pseudo-bruit du premier type, I'une au moins 
des sequences de code a pseudo-bruit du 
premier type etant laissee de cote, chacune des 
sequences de cose a pseudo-bruit de la qeme 
families etant donnee par un produit d'une 
premiere a une qeme sequence de code a 
pseudo-bruit consecutive, les premiere a 
(q-l)eme sequences de code a pseudo-bruit 
consecutives etant eel les qui sont pre- 
selectionnees parmi les sequences de code a 
pseudo-bruit restantes de chacun des premier 



a (q-1 )eme types, la qeme sequence de code a 
pseudo-bruit consecutive etant pre- 
selectionnee parmi les sequences de code a 
pseudo-bruit du qeme type, I'une au moins des 

5 sequences de code a pseudo-bruit du qeme 

type etant laissee de cote sauf si q est egal a Q, 
chacune des premieres a qeme sequences de 
code a pseudo-bruit consecutives utilisees 
pour fournir ie produit etant selectionnee de 

to fagon a ne pas etre la replique de I'une 
quelconque des premiere a qeme sequences 
de code a pseudo-bruit consecutives qui sont 
utilisees pour fournir les produits pour les 
autres sequences de code a pseudo-bruit de la 

75 qeme famille; 

— les moyens generateurs de sequence de code a 
pseudo-bruit etant destines a generer au moins 
une sequence de code de bruit consecutive 
parmi les combinaisons du q'eme ensemble 

20 devant etre utilisee en tant que les premiere et 

seconde sequences de code a pseudo-bruit ou 
q' represente un entier choisi entre un et Q, ces 
deuc valeurs etant indues, de fagon a ce que la 
q'eme periode de trame ne soit pas plus 

25 longue que la periode d'horloge de donnee et 

qu'elle en soit la plus proche parmi les 
premieres a Qeme periodes de trame; 

— les premier moyen multiplicateur comprenant 
des moyens pour produire le premier signal 

30 multiplie par multiplication du signal a spectre 

etale de reception dans un ordre predetermine 
par au moins une sequence de code a pseudo- 
bruit consecutive de la combinaison du q'eme 
ensemble pour I'utiliser en tant que la premiere 

35 sequence de code a pseudo-bruit; 

— le second moyen multiplicateur comprenant 
des moyens pour produire le second signal 
multiplie par multiplication du signal 
d'information de transmission qui lui estfourni 

4 0 dans un ordre preselectionne, par au moins 

une sequence de code a pseudo-bruit 
consecutive de la combinaison du q'eme 
ensemble pour I'utiliser en tant que la seconde 
sequence de code a pseudo-bruit. 

45 



50 



55 



60 



65 



68 



0 041 253 




49 



3rd SS 
Moj>£A1 




in 

S(1) * *S(2) 5 



S(J) 



41 



Fig. 1 



,50 



4M SS 




ss 








H02>£M 




M07>£M 



TD-$EMULT/ri£X£2 J?EG/sreX 



53 



n 

42(1) 



51 



XEC£/[/£X 




1 



52 



3^ 



55 



72 rtui.r/pi£x£% 
56 




51 



2)EC03>£7? 
L-62 



63 



Fig. 2 



1 



0 041 253 



(a) 
(b) 
(c) 
(d) 



i i i ba 



Fig. 3 



Fig. 4 



67 



-65 



66 



43(1) 



Ze>^ - /"ASS 
\ 



68 



75 
72 



TlOA/ CKT --' 



69 



61 



•43(2) 



2nd 7W C£>J>£ 

sea. G£m 



62 



62 



Fig. 5 



80 



,79 



ROM 



IT 




^76 SHUT -PEG. 



2 



0 041 253 



hi TM Col>£ 
Sea. G£M 



67 



,66 



42(1) 



H/SH-TASS 
T/LT£R 



i/ 6 ' 



82 




83 



T/LTEX 

1 



77ojV CXT 



68 
69 



72 



Fig. 6 



42(2) 



71 





2^d 7>Af Caz>£ 




sea. 




^61 


< 





42(1) 




/V 

S£<2. Sea/ 



Lov - 7>ASS 

i 



^ 68 



81 



83 



7/0/1/ CKT" hJJJ 



72 



-0 



55 



61 

Fig. 7 



42 





.2W /V 









,42(1j_ 66 
x 




67 



S£<2. 



68 ~ 



T 



69 



Loh/ - 7>/\SS 
\ 



T/oa/ CXT 



z 



55 



Fig. 8 



83 



42(2). 



81 



72 



61 





M 








c 


i 


^.62 



3 



0 041 253 




ON 

ch 



\ 


1 


CO 








ft K 
k Vy 




1 





4 



0 041 253 



( Q ) __rL_r~i_n_r 

(— NT 



n r~_ 



I b)~u i_n_i — un_r 



A ir- 



iC) — i_n_r — i — ins 



(d) J — LTLT 



t n__r 



(e) 



(i) _n 
(j) 




-T / 0 \ T 



(f) 


-2Tx\o 


(g) 


-2T/ -T\ 0 T 






(h) 





Fig. 10 



0 041 253 



i 



TXOVI- 
SIOA/AL 

TN COP£ 
SE&. S£A/ 




Fig.1l 




Fig. 12 



7*— * 



141 



142 
143 

1>T- 




146 



TATTEXM 



144 



131 . 132 



145 



Fig.13 



6 



0 041 253 




7 



0 041 253 



CM 
CM 



CO 
CO 



CO 
CO 



CM 
00 



r 1 © 



to. 



CM 
CO 



CM 
CO 



CM 



CM 
CO 



^ k 



CM 
CO 



k 



00 



oo 

CO 



CO 



«3" 

tO r— 



tO 

to 



►» In 



lo 
co 



CM 
CO 




CM 



ch 

• mmmm 



en 



o 



LO 
LO 



loo 





LO 


LO 


CM 


CM 


• 




o 


• 




O 


il 


II 


o 




4— 


o 




4- 


X> 






-a 






LO 








o 




It 




o 




4— 







LO 



LO 

o 



LO 
CM 



O 
I 



o 

LO 
I 



o 

CO 

I 



8 



0 041 253 









-f" 















[EI 



U3 



U O g 
00 CO (75 



9 



0 041 253 



B(1) B(2) 



B(I) 




Fig.lS 



fo 



D 2 /S 2 (dB) 
10 



b/fo = 0.125 



b/fo = 0.25 




10 



0 041 253 



ST JIT J OA/ 



,171(1) 




— r 

183 



— 43(1) 



OUTPUT 
TtLTEfc 













173(1) 



Mil 



1) 



171(2) 




173(2) 
— C 



182(1) 



OUTPUT 

^UTkm 


J 




COWPl£& 







\ 

181(2) 



182(2) 



/ 171(1) 



181(1) 



SYA/C 7>tf COJ>£ 

sea G&As 




182(1) 



OUTPUT 


■ \ . 


COUPLE 


i 



173(1) 



Fig. 22 



11 



0 041 253 



CO CO 





12 



0 041 253 



r 



Sc(l,l)o- 
Sc(1,2)o- 



Sc(1,J) °- 



Sc(2,1)>. 
Sc(2,2)^ 



Sc(2,J) o- 



sywc TW CQS>£ 
S£<Z. ?£~<s£" 



SS 
Mo2> 



187(1) 



ourpur 

fiLT£Z> 



166(1) 



V 
173(1) 



sea. 7?e<s£A/ "** 
— c i 

187(2) 



SS 
Mo3> 



166(2) 



ourpitr 

S 

173(2) 



STJTTioa/ 



183 



CouPl£X 



188(1) 



43(1) 



C0l/PL£K 



T 
188(2) 



Sc(I,1) o- 
Sc(I,2)°- 



Sc(I.J) o- 



J2 



.STAC TV £;oj>£- 



5 £5 



7?£6£Af 



187(1) 



ourpur 



— T 

166(1) 



173(1) 



Fig. 24 



188(1) 



C0UPL£% 



186 



sea 



13 



0 041 253 



B(s) 



B(1) M B(2) 



B(3) B(4) 



Fig. 25 



fo 



(a) j — L_ru U~ 

NT — 



1_ 



(bi r 



<o WVWWVA^ 



(d) 



(e) 



\ 



Fig. 26 



t(D — \ 

t(2) — 



189(1) 




[ /189(2) 



t(3) 



t(q) 



V 



189(q-1) 




Fig. 27 



14 



0 041 253 




(0.0 <J T3 0) 



15 



0 041 253 




16 



0 041 253 



-42(1) 



65(2) 



S£ O. 7?£ G£k> 



-193(1) 




194(1) 




3)£M 


7=>A/ CODE 


sea 




< 


2>£M 


F/V Co3>£ 


SeCL 


6£*S 



193(q) 



202(q) 
A. 



■R£6£A/ 7=>/V 
COJ>£ S. S£A/ 



202(1) 



1 



■%£££*/ 7>M 
Co2>£ S. <S£7V 



203(1) 




Mod 


?h cose 








s 

198(1) 




* 


MOD 


Taj Code 


sea 


G£a/ 



201(1) 



192 



195 



S/GA/AL 
?1?OC£SSo% 



55 



3>£IAY 



201(g) 



62 



198(q) 



Fig. 30 



196 



Con- 
troller 



T7- 

61 



17 



0 041 253 




m 



18 



0 041 253 




19 



0 041 253 



<*- cm 

CM CM 



oo oo 



oo 



IE! 



CO 

cm 





CM 




CM 
CM 



* ^ 



CM 




m 



cn 



g | * 

I * R 



CM 



CM 




oo lo 



o 

00 



00 



oo 



20 



0 041 253 



215(1) 
output 

///£#- PASS 



223(1) 



217(1) 



lA/PUr 
HtGV- PASS 



212(1) 



Low- Pass 



216(1) 



OUTPUT 
Lois - PASS 



ss 


_ I 


t 

* i 










i 


— h-t 


- — j— — ; 





224(1) 



y 



X". 



SO, 1.0 
SO. 1,2) 

cSO.i.J) 



SO ,2.0 
SO.2,2) 

oS(1,2,K) 



221(1) 



/215(I) 



OUTPUT 
HIGH- TASS 



217(1) 



H/GH - ?*SS 



212(1) 



^216(1) 



OUTPUT 

LOk/ - PASS 



,223(1) 



MOPSH 



-oS(I,1,1) 
-o SO. 1.2) 



-oS(I,1,J) 



T7?M 
. M0$BM 












t 
• 
t 






224(I) ; 



.SO.2,1) 
SO.2,2) 



-oS(I.2,K) 



v 221(1) 



Fig. 35 



21 



0 041 253 





CsJ 












C\J 


CVJ 












3" 


CO 


CO 


CO 


o 


o — 


















1 







o — 6 



*~ CSJ 

cnj cm 



co oo 



CM 



O 
CO 



m 




u 

CO 



u 

CO . 



22 



0 041 253 




CO 



CO 
Q 



CO 



00 
CM 



cm- 











1 " 





to 

CM 





t9- 






1 


Pi 



. CVJ 
CM 



CM 

















I 







CM 

cn 

CM 















P| 





rs 
o 



PI 



CM- 




CO 



1 






5 


1 


1 



CO 















i 








1 





^ CM 



2§ 



CM 
CO 



< 1 


n 




< i 












CM 






« 








CM 


CM 


CM 














U 


o 


u 




CO 


CO 


CO 



V 2 

CM 



« § 



6 

<M 



0 

■"3 



O 
CO 



I hi 
y Kg 



3 

7 



m 



cn 



23 



